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SUMMARY OF INVESTIGATIVE AND CONTHOL WORK ON THE MOUNTAIN PINE BEETLE
1N SUGAR PINE STANDS OF CALIFORNIA

@. R. Struble

IMRODUGTION
Investigata.ve angd control work dealing mth the mountain pine beetle within -
Californie sugar pine stands has .continued for a number of years by the
Berkeley Office of the Division of Forest Insect Investigations, Buresu of
Entomology snd Plant Quarantine.’ Regulting fherefrom are numerous reports
and . manuscripts, and. some publications on different phases of this problem. .
These writings are concerned principally with seasonal history and habits,
~the relationship of the beetle to this host, the extent and character of ite
dsmage, the practice and results of direct control by the :t‘ell-peel-‘tfurn
method. and the development of oontrol methods. . ,

. & summary of the information contained within these reports is desira‘ble

for several reasons,- ‘There ie much need for the simplification of the de-
tzil conteined within them. The organizati.on of subject materisl 1nta

. readily available form is ddvantageous as & time saving: faotor for tho

- seeking & perspective on the prodblem. Much work is still to be done afore
the best means, of controlling the beetle is determined. and this saumary
will be of benefit to the researcher as & background of information and.guidé
to further effort. It is simed to point the wey toward renewed effcrt along
_the lines’ holding the graatest promlse oi" solution.

Additional details on the habits of the mountain p1ne beetle es o primary
insect in lodgepole pine and western white pine are aveilable in many re- .
ports written gbout these problems in the northern Rocky Mountsain region.
The behavior of this insect in these hosts and others that i% attacks is
similar in meny ways to its habite in .sugar pine. For this reason, frequent
reference to information on the habits and life history in reports pertain-
ing %o lodgepole or white pine will be made when' such 1nformation is lacking
from sugar pine.

IMPORTANCE OF MOUNTAIN PINE BEETLE IN SUGAR PINE

There are approximately 3,500,000 acres within the California pina region
in which suger pine is considered a type gpecies. Much of the virgin stum-
page haé been cut, but there are still over £20,000,000,000 boerd fest left,
most of which is of e:rcellent quality.’ Gompared to ponderosa vine and
Jeffrey pine with slightly less than 50,000,000,000 board feet in virgin
stunpage, sugar pine is still EY maJor timber species in this etate.



-2 -

These virgin sugar pine stands are subjected to severe beetle-damage. The.
~movntain pine beetle ie the principsl insect agency of destruction, and is
responsible for the death and complete wasie of velusble stumpage every year.
Periodically the populations of this insect increase snd cause many times the
normal number of trees to be killed. In most cages there is little posei-
bility of salveging thesé trees for lumber; butt logs aere frequently utilized
for shakss, but aside from this use mogt of the trees killed are a total loss

from the commercisl point of view.

Some conception of the destruction ceused is gained from the insect control
‘records. For exsmple, between 1913 and 1939 nearly 6,000 trees having a
“totel, volume of 25,500,000 board feet were treated in the southern Sierra
forests from the Stepislaus to Sequoie National Forest at e cost of nearly .
$100,000.. This probably represents less than 10 percent of the fotel losses

 ceueed by the mountain pine beetle for these arees alone during this period.

Furthermore, the areas on which this control work wes underteken is lese than
10 percent of the total eugar pine acreage in California.
- . X N ; . N oo ) . //

HISTORICAL REVIEW

A. D. Hopkins' (%) account in 1899 of a "specisl end dengerous enemy of the
sugar pine and the mountain white pine" is the first record of Dendroctonus
demage to these trees. From the sdditionsl notes of damage to sugar pine,
lodgepole pine, .and western white pine by Hopkins in 1902 and 1904, J. L.
Webb_in 1900 and 1905; and by H. E. Burke from 190M to 1907, the identity of

‘the mountain pine beetle, its habits and its relation o hesvy timber losses
ed D. monticolae by Hopkins in 1909 (9).

were well estsblished. It was named D. mo ‘ ‘

The initial attempt to control the mountein pine beetle was concerned with
‘lodgépole pine infestations. According to Craighéad, et al- (1a):  "The
first effort to control en outbresk of the mountain pine beetle in lodgepole
pine was made in 1910 ‘and 1911 on the Whitman Nationel Forest in northesstern
-Oregon." . ' IR o Tl ' -

"F. P. Keen's (60) experiments in 1916 on host tree selection in pondeross
pine end suger pine, and his observetions on the feeding hablis of the -
mountain pine beetlé in sugar pine (61) were the only investigetions directly.
corcerned with the sugar pine host until 1932, Closer atténtion wae given
to the lodgepole pine problem in which thé seasonal history end meny of the
habits of the beetle were worked out by J. E. Patterson (72) in 1917 from .
' infestations in Yosemite Nationgl Park, California. This work wae followed
by studies and experiments in lodgepole pine by Patterson, Evenden, end .
Gibson from infestations in Oregon, Idsho, end Montana. Studies of the in-~
festetions sne habits of the beetle in western white pine by Deleon, Bedard
.and’ Gibson weré undertaken in the nmorthern Rocky Mountein region from 1930
to 1940. Detsiled investigations of the’ eez}s;q:ié;l’ higtory end habits of thise
beetle, aud studies of hoest relationship in gugar pine have been continued
by the writer since 1932.. Ry ' B '
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Control of the -mountain pine beetle in suger pine by felling end removing
the berk from the infested bole wae advocated by Hopkins in 1909 {(9), but
this method was never extensively used. The firet control attempte on.e
project basis were undertaken in 1913 and 1914 in conjunction with the con~
trol' of the western pine beetle in pondeross pine (Chiquito Basin, Sierra . :
. National Porest) by felling, pesling and burning. In all major control pro- .
+ jects since then (White & Friant cooperetive--Sand snd Whiskey Creek, 1924
Sen Joaguin project, 1919 to 192L; Stanislaue, Yosemite, Sierrs projects
1931-1935) -the fell-peel-burn method was used with much success in reducing
infestations, Efforts to improve on methods of control and reduce the fire
hazard have not as yet been fully as effective as the burning method. - The
-use of toxic penetrating oile, fumigeting gases, qhamicalg,injgpted,in.thé
sap siream, etci, heve been only partially effective. Studies were alsdo
undertaken to determine the effectiveness and importance of native ineect

predators. The most recent development has been an attempt to identify trees
that are susceptible to beetle attacks. :

SEASONAL HISTORY AND HABITS

The Adult Beetle

Description.

‘The original deecription, made by Hopkins (9)- is as follows: "The - 3
" mountain pine beetle ie & stout, black, cylinmdrical bark beetle 3.7 to
6.4 mm, long, having the hesd broad, without frontal groove, but with & )
short longltudinal impreseion above the middle." ; e

The sdulte have been veriously described by Swaine (24), Deleon (42), Doane -
et 81 (5), Keen (1), snd Bvenden et al (7): but with little impravement on
the original description. All agree that it is a "etout, black, cylindrical
Dark bestle," that its lemgth varies,.and that in the immature stages the
color is yellowish %o brown. ' R : -

Food habite.

The adult most probably derives ite nourishment from partioles of phloem or
cambium as it bores through these tiseuee during the excevation of egz
galleries. While deteile on this subject ere lacking from varioue reports,
it ie generally implied that the phloem which is a rich source of sugers
and starchee serves to sustain the adult during ite 1ife pericd. Repeated
dissections by the writer of the adult alimentary tract heve revealed the
presence of phloem tissue, and it may be presumsd that nourishment ie teken
from this material., Much of the boring by adulte is through the corky outer
bark, end while this meterisl has been obseryed in the slimentary tracts.
it ie doubtful if & gréat desl of nourishmént is Qerived from it. In boring
exit holes, and in boring through the corlyy outer bark prior to the esteblish-
 ment of egg galleries, moat of thi clee bitten off by the beetles are
believed to be cast aside. ; ' : : -
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Meting Habits.

The mating of sdulte has never been observed in sugar pine, but it probably
occurs most often in the egg gelleries at intervale during excavation;
. Evenden et al (7) state that "Fertilization ogcurs after the heevy flow of
piteh has stopped, which ie usually when 1 or 2 inches of egg gallery have
been excavated. -After mating, the' males may leave -the tree, poesibly to
 seek new matee." In western white pine, Bederd (27) states that "Mating
tekes place in the newly constructed gallery efter the attack has sterted.”
Patterson (73) observed mating %o teke place on the outside of the bark of
lodgepole pine ag follows: '"Presently the femele started to attack in a
. slight orevice of bark; in & minute or so she had-penetrated the bark until
~her hesd had entirely dlesppeared, at thie stege the male epproached quite
. closely and for s few minutes the pair eppeared to.be.in copulation." DelLeon
- (35) recorded an observation made by Gibson snd Ruet from lodgepole pine in
1927 in which a male beetle was seen to "copulate with a female st the en-
trence of the gellery. The male after copulation wandered off, inspected -
other gelleries, and finslly apparently tried to induce amother imsegt to
copulate." Co . . : IR

Sex Ratio.

No record hes Veen made other than notes by the writer on the sex ratio of .
emerging new adulte from suger pine. These notes indicate that the proportion
of males end femsles is approximately equal. FI L

Considerably more informetion on the egex ratio of emerging edulis is contained
within reports written about the mountein pine beetlé in western white pine.
Bedard (27) concluded as a result of examinations made on 1,000 emerging
adults that "There is an égual mumber of males and femsles when the young
adulte emerge from the trees - —." Deleon et &l (2) found "by exemining
2,500 new edult beetles taken from new broods ready for emergence, that male
and female bestles are present in equel numbers before they emerge from the
brood trees and mske their initisl attack."

“The sex ratio of attacking bestles in suger pine has noi been inveeﬁigated.

" but in western white pine DeLeon (38) and Bedard (29) found that the sex

ratio in newly attacked western white pine is 2 males to every 3 females.
DeLeon et a1 (2) stete "en exemination of 4,010 adults teken from: the egg
galleriee in newly attacked trees showed that 60.8 percent were females end
39.2 percent mbles." - They further state that the inequslity of eexes in the
new. sttacks is dve to the fact that many meles die in the ‘egg gelleriss after
the first attack." TEE L e A :

Method of Attack.

" Studies by Struvle {99) revealed that thd initial attacke made by the adult
beetle on mature sugar pine ususlly occur in the upper hslf or third of the
main stem; in smaller trees (und ¥«inches D.B.H.), snd frequently in some
of the larger trees, concerted a s occur over the entire length of bole
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from within a féw feet of the top to within 3 to 10 feet from the ground. .
" Trees with initial infestations in the upper part of the stem are attiacked
in the mid-bole and basal portion of the bole by succeeding flights of
. beetles. Struble (99) states that "during the flight period no great
 number of adults are found at one time, but within a periocd of a few -dsys
efter a tree has been selected, many beetles are found in the process.of
4%constructing the cheracteristic pitch tubes on the outside of the bark.”

Repeated obeervations by the writer, but not recorded. have revealed that

the beetle in making its sttacks on sugar piné prefers a bark crevice or

. depression in which to begin excavation. After adefinite location is de~
cided upon the beetle bores continuously, biting off bits of outer berk and
casting them aside. Considerable rotetion of the body about the newly

~ founded entrance is & charecteristic habit as the beetle bores its way inward.

' The number of attacks occurring per unit of bark area is varisble. The
average number found in 36 square feet of sugar pine bark exsmined bﬁ
Struble (99) in 1933 was 6.8 per square foot. Additional records in the
notes of the writer taken during 1939 from 43 squore feet of bark aree from.
14 infested trees was 8 attacks per square foot with veriations from 4 to
20 per sgusre foot. In lodgepole pine Patterson (77) found an average number
of 7.25 attacks per square foot from 1,676 square feet of bark area examined.
According to Bederd (31) working in western white pine "t is apparept that
the greatest efficiency in gallery construction is secured wheu there ars
9 to 15 attacks per square foot." R o SR

Gonstruction of the Galleriss.

Reports concerning the attecks and excavation of egg galleries all indicate
that the female adult is responsible for most of the work. Keen (61) re-
porting from observations in sugar pine in southern Oregon during. 1916
states; '"The female commences the construction of the gsilery, and does
all of the conetruction work at the hemd of the gallery. while the male

- follows behind and assiste by desposing of frase," Struble (99) observed
from studies in sugar pine in the Yosemite ares during 1933 that "males
heve often been found excaveting the so-celled ‘ventilation holes'! Patterson
(73) observed from studies of this beetle in lodgepole pine in Yosemite
National Park during 1917 that "the meales sppeared to enfer the bark

- first snd start the brood gelleries; later, as the. galleriea were being
constructed, the femsles were found at the terminal ends doing the sctual
excavating." The role of the sexes is more clearly depicted by Bvenden e%
8l (7) who etate: "Attecks are initiated by female beetlés which bore
through the bark and excavate the egg galleriee beneath.’ During -the con=".
struction of the entrance holes, the mele beetles are attrected to the :
_trees and follow the females as the tunn ls progress.. As pitch flowe from
- the wounded living tissue of the tree,. the uple keeps the entrance hole free
of this resin end the boring: frase, thus forming the pltch tube on the bark
surface. - ~ The malés are obl pack the frass into the tunnel as it
is made by the female to avoid: being surrounded by it,f :
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The egz galleries are described by Hopkins (10) ae "longitudinal, distinctly

to slightly winding or streigh?, ususlly grooved on the surface of the wood

and deeply grooved in the bark." The tendency of the galleries to wind ie
particularly cheracteristic in sugar pine. Struble (99) described these
gelleriés ss follows: "They extend verticelly as a rule, but do not alweys

run true to form, for they sre commonly found winding to and fro without de-

" finite pattern. The more typical gellery is curved at the bottom for about
2'or 3 inches and runs vertically from the curve to 2U~30 inches when complete."
Keen (14) states that “the galleries may Dbe nearly straight or slightly sinuous,
~ end sometimes, particulerly in suger pine, decidedly winding, and at the
_bottom of these galleries there is a short crook or bend 1 or 2 inches in
length. The perpendicular portion of the gallery rangse in length from 12 to

36 inches and nearly elways follows the grein of the wood." "
Ege Leyibg.

The sdult female deposits its eges singly in niches excavated slong each

side of thé egg gallery, beginning within 2 to 3 inches of the entrance.
According to Struble (99) *"emall indentations or pockets are made at irregular |
intervels slong each side of the gallery. In each pocket from 1 to U eggs sre
deposited singly in individusl niches. Following each deposition, frass ma-
terigl is packed tightly behind the egg.” Keen (14) states that the "egg

. niches occur on alternate sides during the construction o?rthe,egg gellery."

-~ The number of eggs deposited by & eingle. female adultiis variable. Str&ble
(99) found as a result of exsminations made on 964 inches of egg gallery in
sugsr pine that there were 3,168 eggs. The average number per inch was 2.61
with a varbation of 1.14 to 4.8l to the inch. An exemination of 100 egg
~galleries in lodgepole pine in southern Oregon by Patterson (77). revesled

- that there were 6,971 eggs which aversgsd 69n1 per gellery. He found a vari~
ation of from 33 eggs in 21 imchée of gallery to 149 eggs in 12 inches of
gallery.  Bedard (31) found as & result ¢6f exeminations made on 241 galleries
in western white pine that there was & "variation from 4.5 to 5.5 eggs per
inch up to the first 10 inches," and a distinct drop in the number per inch.
beyond 11 inches. He concludes "thus, en egg gellery from 10 to 12 inches
long represents the cptimum vecause it is the meximum in efficiency."

Life Span.

The life span of the adult ie varisble, depending principally on temperature,
available food and moisture. At températures above 90° F the life span is
" presumably shortened because of intensified metabolic mctivity. dut no infor-
mation on this point ie aveilsble. At temperatures under 50° F the metebolic
activity is slowed down so that, even without food, the mortality rate of.the
adult is very low. For exsmple, the mortality of 125 adults stored in a re-
frigerator at 40° F for 30 days in 1943 (Syruble‘s notes) smounted to only
16 percent. ) J S :

Wiihdut food end moisture st normsl temperatures (65° F to 85° F) for beetle
- sctivity, the mortality rate is [gh within s short peried. -For example,
the mortality rate of 1,038 adults stored at normsl :temperatures in total
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darknesésduring.1943 (Sffuble"s;nqtes) varied from 26 percent at. 4 deys,
to 50 percent at 6 deys and to 100 percent at 12 days. Xeen (61) found .
that 28 dsys was the longest period of survivel for sdults in gtorege with-
out food. : ’

In the normsl habitat of the beetle the longevity during the summer is pro-
bably between 40 and 60 days on the aversge, although this point hes not
been thoroughly checked. Adults attacking during the fsil, hibernate during
the winter, and resume sotivity during the spring; hence their life span is
increased considerably, primerily as & result of lowered tempersture congi-
tions. . The longest record of adult life was reported by Keen (61) who found
¢ an-adult etill aliVe'245«dayshafter»attacks@Were;established«on 8. sugar pine
- in sowthern Oregon: - - R L O P T =

Parent Adult Fmérgencé AP

Theigmargence~of edults after a period following the initial attacks on a
-given tree and their re-attack on snother tree is a common habitwothpis .
beetle, and in some host species is considered an important factor in the~
- upbuilding of populations. It dis probably not-&s importent in suger pine
‘asiin‘someJofothe‘othar=hOstitrseSo'aS‘iydicaxe&fﬂrpmﬁstruble’sh(99)~observa~
“tlon that "only a small proportton«offths‘adults;emergéd1~fgllowing a:-five~
:weekwpér$odfofbaﬁtack;=aﬁ&tnO'diffenence=wae,foundw&ﬁ;thentermination\of*an
-.experiment after- two months." In notes recorded by Struble in 1938, parent
“adult emergence from sugar pine logs un&erfﬁqn&rblle&»rearingigéhditikns
“amounted to between 11 nd /15 peicent of :the number of beetles introduced

- . originelly. Evenden at al (7) state:  "ihe extent to which this habit dcours

avaries,coneiderably»smongfdiffereﬁt;host.treessﬂvanrexamplef oply.10-td‘30-
perdent of theﬂparentvadults*emqrge from infested sugar pine, while from
western white pine nearly all-of them emerge and re-attack." o :

: The reports of DeLeon. (38), Bedard (31) end Gibson (¥8) all indicate that

" ths emergence and re-sttack habgﬁ?tnawes%ern white pine.includas e high pro-

portion of the ednlts. For example, Gibson (48) estimated as e result of
exemining 117 square feet of bark from 13 infested $rees that "more than 90

percent of the parent bestles emerged.” Bedard (31) states as e result of
one study ‘in 1936 "that the number ‘of parént emergence holes is almost equal .

‘o ‘the number of attacks in the early trees, slightly more than half the

number of attacks in the mid-season irees, and- J-egs then helf in the late

. trees." Delieon et al (2) concluds: #From these studies it csn be stated
_that mountain pine beetle adults attacking western white pine emerge from

the trees after meking one atteck and enter other green trees to make a second
' atﬁack;“It'is*bbviéus;’fhéﬁafbrétvthat the rate of increase of any infes-

tation is nearly twice as great as was formerly believed, and thet the potential
‘danger of eny infested materisl overlooked in gontrol is spproximstely doubled.

Parent adult emergence tekes place after arperiod of 3 to 5;wée@sifollowing
the initial attack. DelLeon (38) states that "emergence begins with 2 few
beetles leaving the tree about 20 daye after attack and only a few more ‘
»1eaving each succeeding day until suddenly & relatively greet number emergé -
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over & spacs of one or two days, and after that there je a fairly rapid -
tapering off of emergence. The period from attack %o pesk of -emergence,
which is generally between 28 and 31 deys, sppears to be much more constant."

The Eggz : -
Description.

The eggs of theé geunus Dendroctonug were deecribed by Hopking (10) as follows:
“"short, oval to oblong-oval, pearly white and shining, end appereéntly without
- geulpture and specific characters, except in relative size, corregponding

with the sigze of sdult representatives of the species." This it the only de- -

geription to be found anywhere in the literaturs, oither publighed or unpub-
lished. Generally, it suffices for D. monticolae egge. The spproximate size
_of these eggs is 1 mm. long and & to 3/W mm wide. -

Incubatian Period. ’ ,

The period required from the time egge asre deposited until they hatch is
variable, depending evidently for the most part on preveiling temperstures.

- In sugar pine Struble (99, 116) reported periods varying from:5 to 12 days.
. He states as & reésult of close records on 25 tress (99) that the average
period for eggs depoeited in the fall among broode which overwinter is 12
days, and for ‘those deposited in the summer is 9 days. . Under laboratory
- conditions where temperajures were more conetent the period veried from 5 to
7 days. In lodgepole pine in the Yosemite aree, Patterson {73) noted that
"the firet eggs were deposited in the firet ‘galleries sterted spproximately
14 days after attack ‘August 14). The firet larvae appesred on August 28;
therefore the incubation laeted epproximately 14 deys. " '

The Liatve
De'scription,

The generic deecription of Dendrootonus larvas was given in 1909 by Hopkins
(10), but no generic or specitic descripiions have since then been added in
the verious reports, manuscripts, and publicatiom on fhe mountain pine bestle.
His description of the cheracteristics of the genus is as follows: "The body -
of & matured larve is cylindrical, deeply wrinkled, legless, and with a few
long hairs on each segment, becoming longer op the posterior ones. ‘e head
is moderately large, shining, yellowish, and with a few helrs on the scutellar
lobes. Front distinct; santennae present, but obscure; eye gpote not present.
The thoracic segments arve larger end more prominent in some species than in
others. Abdominal segments 1 to 9 are of sbous sguel width and lengths 10 is
represented by the anal lobe.® o :

-

Feeding Habits. .

According tb Struble (99) the larvae begin feeding immediately after hatch~
* ing from the egg. He states that they feed individuvally "in small chennels

et right angles to the egg gellery, the ¢hannels increasing in slze \yith'
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larval growih and development. Most of the brood in this stage spends the
entire fesding perlod slong the inner phloem layer next to the weod. Indi-

- vidualse occaeionelly mine for a distence into the bark, this factor apparent-
ly depending on bark thickness and svallable food supply. When mature, each
larve hollows out a cell, usually between the bark end wood, where it remains
ina quiescent state to complete the prapupal and pupal glogee.

~Humber of Instars.

The ‘only record of .the number of 1arva1 Anstars ig cantained in - laborauory

- memorandum written by Struble (108) in 1937, This record was determined as

‘& result of head cepsule mesgurements made on 420 larvse. - He states that
"while the totel number of larvae measured is perhaps insufficient to con-

. clude without question that there ere W larval instars, the groupings are
distinet and the frequency in each group ie often enough for a tentative con-

v cluszon +o- thig: effeot " ,

Developnent Period

The dévelopment period of the larvae from the newly hatched egz to the pupal
stege is varigble, and this is dependent on temperature conditions, food,

and moisture supply. At room temperatures (70° F) Struble (108) found that
the period of sach inster of larvas reared on phloem inside glass tubes was

as follows: first instar - 5 days: second inster - -6 days: third inatar -

W days; fourth instar - 16 days; total period - 31 deys.” Under field condi-
tione .during 1933, Struble (99) found as & result.of close records from'25
suger pinee that the aversge development period. in days for lervae which over-
wintered wae 260 daye, whereas the. averags period required for the davelopment
of summer broods was 33 days, & : e

The Puga

The pupa of the genug Dendroctonus le.described. by prkina (10) as follows
"The pupa isof the general size of the adult, and is distinguished by ite
broed prominent head., and the form of the prothorax.. The sculpture. and arma-
‘fure vary with the age of the gpenimen. In the pre—imaginal stege the grenules
and apines become more obscure.. A few additional notes on D. monticolee
pupae are contained ‘within Hopkins' (10) statement that "In addition to the
geoneric, divielonal; and sub-divisional characters, the epex of the front snd
middle femora is armed with two small epicel spines.” No other descriptions
are conuained in reports or publications on this stage of development.

“The. duration of the pupel atage 19 generally short. and variations in the
period requlred for the sdult to iasue are apparently dependent on temperature
conditions. Struble (99) found es & resu;x of records taken from 25 trees
that the: period vaeried from 9 to 12 days, with the shortest period during

the summer. Deleon (42) stetes’ that "The pupsl period averages cloge to 10
deys snd is passed in a cell generally constructed between the wood and the



. =10 -

bark, but occasionslly entirely concealed in the bark." ‘According to Keen
(14) the "pupal cells are usually exposed when the bark is removed but in
thick-bark trees they mey be concealed in the inner berk,"® :

The period between the issuance of the new sdult from the pupe and emer-
gence varies considersbly. Deleon (U42) sums up the habite of the new adults
in sugar pine well in his statement that "after transforming, the new ndultis
chew around under the bark, apparently feeding on the soft imner dead bark
for varying periode of time before emerging. Some beetles emerge slmost as
.soon ag their body siructure becomes hardened, though the bsetle may siill
- be light brown in. color, Other beetles remain vnder the bark a consideresble
pveriod even after they are jJet black." Keen (14) states "The new adults nay
bore away the intervening bark between pupal cells and congregate beneath.
~ the bark prior to emergsnce, or individual emergence holes may bsconstructed
directly from the pupal cells. Two or more insects often use the eame emer-
gence hole and the emerging bestles often teke advantage of cracke in the
bark or holes resulting from woodpecker work." - .

Seasonalgﬂistcry
Number of geneérations.

The number of annual generetions produced in euger pine is dependentygn~the
temperatures preveiling within the renge of this iree. The main body off com-
. mercial sugar pine extends from the 36th to the 424 perallel of latitude. ‘
Keen {61) reporting from the northerly limits found that Yihe maximum number
‘of generations annually is one and a pertial second." Sitruble (99) reporting
from areas lying between the 26th and 38th perallel sitates that “"two complete
generstions are produced sach year by the mountain pine beetle in sugar pine

- gtends found in the central Sierre region. A partiel third generation is

frequently produced if warm epring end fall conditions prevail." Within the
intermediate latitudes therse are probably 2 generations per year. . The number
of genératione i¢ eubject to some variation even ip. the same degree of lati-
tude, owing to local conditions of temperature. Ivenden et al (7) state "in

- southern Oregon and Californis thére ere 2 complete generations annually., snd.
a pertial third in years when activity begins unusually esrly in the spring. -
Attecks initisted in March, April, or Mgy by overwintering adulte result fre-
quently in the production of 2 complete summer generations and the beginning.
of a third." : e T -

In other pine epscies Patterson (77) working in lodgepole pine in southern
Oregon reported that there was onhe complete generation each year at elevations

ang Tom §,* ' , Latdi > N he northern Rooky
renging from 5,500 to 6,200 feet, latiiude 43* N. In % ] |
Moﬁntafna}>Beg;gd (29) found that "the moyntain pine bsetle in weeterg_wﬁi:;
~ pline has, therefore, two broods, one and a partial second generation insitesd

"
of the one brood, one and a partisl second gemeration heratofore belisved.
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- Overlapping of Genemtions,

'Broods varying in age from eggs to new adults mey be found at a.ny time from
“spring to fall within the auger pine bvelt. The overwintaring stages are com-~
‘posed of eggs, larvaé varying from first stage to fully grown, new adul ts vary-
ing from callow to black, end parent adults. With thé advent of developmental

- temperatures in the’ spring, more eggs are laid_ by overwintering parent sdults,

new attacks are initiated by new blaok: a.dulte» emerging.» uhe 1arvae begin faed-
_ 'ing, end ‘the oldeet of them pupate. 5
' ?.n fJ}.ight» on warm daye ot an '

ber 15, bv.t in large

: , when the main summer attack
is made. “Attacks o ur constently thr ughout" ‘the 'flight period, and & great
deal of variation in brood’ steges is found at any time Quring the year " The
flight period of adults emerging from the main swmmer generation begins late in
Auges t and continues through September, October and part of November. depending
on the seasonsl temperature conditlons.

The overlap of generstions and broods is just as prevalent in othez- host’ trees
attacked by the mountain piné bestls. In western white pine Gibson (48) found
“that "attecks of the mountain pine beétle in western white pine sre extended
over & long period each" summer, <A few which overwinter as new adults emerge
“and make an initisl ettack in June, - ‘after which there are no apparent attacks
until July when the main attack begins and continues until September or possibly
even later." Bedard(29), eleo working with this beetle in western white pine,
reports that "in the early ‘spring before insect activity 'begins, three distinot
overwintering brood stages are to be found in the western white pine region of -
northern Idaho and castern Waehington A'survey of 275 infested trees showed
that 24,4 percent conteined small larvae and overwintering perent sdults; 25.1
percent contained new adult beatles. and 50 5 percent eonteinad mostly mature
larvaea" '

Numher of broodso

'Aocord:.ng o Struble’s (99) life history chert (Figure 2), thers are 2 distinct
mein flight and a’ctack periods each yeer; one from the middie of June to the
firet of Augus‘t end the other from the middle of August %o the middle of
November. The first flight period originates from the overwintering broods

of larvae in varying etages produced from September to November. The ‘second
flight period originates from brocds of the summer generation which begin
emerging about the middle of Augnet. TFrom these attacks there are developed

2 distinet broods which overlsp to e considerable extent. A third and fourth
partial atteck period occurs eithér sarly in the spring or late in the fall or
- both, deperding on seasonal temperature ‘conditions, and these result in dbroode
which overlep with the others. It is thersfore poesible for tha mountain pine
beetle in suger pine in the central Sierras to have 4 broods per year. In
eddition there are aleo broods produced by the re-emergence of parent edults,
but broods from thig source are belisved to be relatively. small.
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The effect of altitude om the number of broods or rate of development under
eimilar conditions of exposure ie spparently of littile importance, according
to Strublets (99) observations from 2 trees in which attacks were indueed on
them %hrough cesging. Struble reports that "cage 21 wes gituated at approxi-
. mately 4,200 feet, while cage 23 was built around a tree at 7,000 feet ele-
vation. Both elevations represent. the extremes of. the gugar pine range on
 the Sierre Natianal Foregt, ~ = Thermograph recorda of alr temperatures wers
" taken from sach situation during the entire pariod of development. - — Daily
maximum end minimum temperatures teken from these records - ~ show from 10 to
15 dsgreea difference under each gltuati ' Table IX (same report) showed no
appreciable difference in deveIOpment under’each condition. The explanation
for this lay in the numbar of houre within the developmental temparature range
of this insect, Struble states that "temperatures between 50 snd 70° ¥ are
evidently most importanta since in each case the number of hours exposurs is
- nearly equal.”

 Overwintering.

Both Keen (61) and Struble (99) indicate thet the winter is paszed by the
mowntain pine baetle in sugar pine in all stagee of development. Keen, writ-

- ing from studies conduvcted in soubhern Oregon, -states "D° monticolee has been
found overwintering in all stages, - On the Lamb'es Mine unit 1t is principslly
found-as~p@rent~adultsyfwith eggs and young larvae, also new edults and pupae."”
_ From the Sierra National ¥orest in Celifornia, Struble reports that "the over-
~winter;ng brood stmges ocour in gll.sges of larvae, @upae .end new. adqlts."

A,modification to the above conception of the atages paesing the winteﬂ*ie
_contained in Keen's (14t) statement that "the winter is passed in all stages
of development except that of the pupa‘" Judging from later. observatlons of
the writer, and not recovded im his notes, it ie probably true that pupae

6o not overwinter. Pupae have bsen found, even as late as the fore part of -
January, but it is believed that they develop to adults within a short period
end pass the remeining part of the winter in the adult stage.  Generally the.
temperatures from December 15 to March 1 ere believed to bé too low to induce
pupation. s . : e .

In laboratory tasts with mountain pine beetle larvae and pupae to determine
the effect of lowered temperatures on development, Whiteside (121a) . demon-~
strated that temperatures below 50° T definitely limited development beyond
the larval stage if the prepupsl condition had not been atteined. He stated:

"Larvae in the prepupal condition transformed o pupae and to callow

eiults at temperatures from 74 to 50° F. At 45 and 41° F larvee in

this condition reached the pupal etage but were killed by fungi. At
36 and. 32° T.no devalopment pocurred ‘ :

"Callow pdults appeared from early pppae (a1l white) at temperatures as
low as 41° F. A%t 36° F. the pupae were unable to bresk the pupal skin

" end did not become perfect edults. At“32° F. nons developed.. Pupse
that were more sdvanced (showing body color) reached the callow sdult -
gtage at temperatures as low as 36° F. One trensformed at 32° F. bui
was probebly more advanced than the others.
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"At 50° F. the development (of larvae) progressed at a much slower rate
end only a few reached the callow edult stege. Below 50° F. practically
no development hee teken place after 120 deys of continnous exposure.

- There were 2 pupae sppearing at 45° P, after 32 deys' éxposure, probsbly
from larvae near the prepupal gtage at the time they were placed.""

4s a result of this etudy.'Whiteside concluded:

(1) "For practical purposae the gero of developmenﬁ for larvae appears
L to be close to 50°

""(2) ‘"It appéars” that the ‘change from the mature larvel to the prepupel
condition acts Be & har to pupation at lower temperatures

(3) "That once this bar is broken the traneformation to the pups and
adult etages will continue at temperstures as low as 36° F.'

Mortality during Life Gycle

No studieés have been undartaken in augar piae to determine the smount of
mortality that occurs throughout the life cycle of the mountain pine beetle.
The best estimate mey be detérmined by the ratlo of biotic potential to
emergence. The avarage length of ‘egg galleriss per square foot smong nor-
mally attacked tress ig- approximataly 100 inches (avevage of 14,263 inches
‘of oallery from W4 square ‘feet of bark from 15 overwintering trees, 1939-
1940). Ths ‘average number of eggs lgid per inch of gallery is sbout 2150.
The average number ‘of emerging sdults lies somewhere between 20 and 4O ‘per
‘square foot of ‘infested bark. The mortality during the life cyale. theré—
fore, is estimated between 85 and 95 percent.

The mortality of the mountain pine beetle in western white pins from egg to
adult is estimated by Bedard (31, 32) at "epproximately 30 percent." He
‘states (32) that "the greatest mortelity is suffered in the egg &tage, pro-
bably as a result of predacioue mites end unfavoreble femperatiure and moisture
‘conaitione. Much 6F the mortality ‘in all ‘stages occurs during the winter
months." He concludes: ' (34) "Obvioudly there are factors at work, the sum
total of which 'is called environmental reslstance. which prevant the potential
lncreaee from beoouing actual LA

Effect on Infested Tree

Condition of Tree at Time of Attack

There ie noe evident relation between the outward sppearance of & sugar pine
‘tree end its chances of belng selected for attacks. Keen (1l) states that
"trees from Lk or 5 ‘inches in diameter up to those of the largest size may
be attecked,” and that "during endemic infestations there is & tendency for
the beetles to gselect the wesker, legs vigorous trses for attack, but no
such selection is apparent during epidemic conditions." Studies undertaken
‘by Struble (118) under endemic conditions indicated "evidence of a laok in
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correlation batween attacks by the mountain pine bectle and tbe degree of

crown decadence and by Keen's snd Dunnings classes among 52 currently killed

trees compared during 1941." Struble states also that Ythere is little or no
correlation between decadence type snd amount of ihjury by ingects or dis-

. emgée. In other words, trees whose crowns are off color or which have s die-
tinctly decadent sppearance may be free from insects or digease." He concludss
thet "on the beeis of the. information obtained thus far 1t is imposeible to

predict which trees of a glven sugar pine stend ars most susceptible to attacks

There is also no strong evidence of & correlation between rate of tree growth
_end attacks. Prelimipary information from Miller's notes taken in 192U frem
25 attacked and 25 living cheek sugar pines revealed no relationship. Later
records teken by Struble (119) in 1933, 1937 and 1941 from ereas on the Sierre
and Stanisleus National Forests, and totalling 83 killed and en equel aumber
of check trees, were summed up in a report issued in 1942. In thie report
Struble states that "in comparing the growth rate of insect killed end living
4rees on ~ -~ four areas a few interesting points are noted:. (l) That on the
virgin sreas the difference (in growth rate betwsen insect killed end living
. check tress) was not great and consequently the poaeibility of growch rate
being a factor in geleoction is minimized; (2) that on cutover areas the
difference in rate of growth between 1nsect killed and livxng check trees may
be sufficiently broad as to indicate. that growth rate may be & factor\in
zelection; (3) that the growth rate of both livipg and insect killed trees
on the cutover arees wag coneidarably higher than. the growth rates of the
trees compared on ths virgin ereas." .

Effect of beetle attack on iree.

According %o Keen (14) "infested trees are recognized first by pitch tubes
on the trunks of itrees and red boring dust in crevices on the ground at the
roots." Thig is true of atiacks mede on trees of smell diameter, but pro-
bably the first outward menifestation of a beatle abvtack on a larga suger
pine is its effect on the foliage. MAccording to Struble (99) "dead or dying
sugar pines are get off in contrast to normal green treese _The most oub~
standing feature is the rspid change in follage color from pale silvery green
1o yellowish green, then sorrel to bright reddish brown, and finelly dark
reddish brown. These changee are most rapid during the summer season when
"~ from one month to six weeke elapse from the first sign to final bright red-
dish brown color." He states further thet "trees which are gradually killed
by seversl invesions of bestles, reflect this condition by various gradatiors
of foliage color, from top %o the bottom of the crown, while those attecked
by a single invasion fade feirly equally over ‘the entire crown," and that
“the length of trunk infested by D.. monticolae is eubject 0 conslderable
variation, snd this is menifested externally by the folisge adjoining the
part of the trunk sffected by the beecle.f,

Fading ie usually observable in the summer by the time the brood has edvanced
to the fully grown larvel end pupel steges, or sfter a period of 5 to 6 weeks
following the initial concerted attack. According to Bvenden et al (7)
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"there is marked varistion in the time between the initisl attack and the
- first evidence of foliage discoloration. On some trees the folisge fades
! lapse. of 3o 4 weeks, while on others. even of the same species,
there is no discoloration for eeveral montha after attackn",

oozes slowly from wounded living tissue. The smount of resin which exudes
‘ varies greatl;r among. d:.ff,erent sugar plnes atte.cked, end this is | belie ed re-

it appaars that tha most copioﬁs ras flows.occur in fast-growzng, vigoroue
trees, and the 1eaet in tha 310wer growing trees growing under. highly com-
petitive circumstances,~ : a R 5 f

The speed and success of:attacks depends on the amount of resin exuding and
the ability of the bestles to. eventually overgome it. Treea growing in &
fairly denge .stend :are quickly overcome. In Struble's (99). studies during
1933 every. pole-size guger pine tree in this, type of stend on. w” eetles
were forced to attack, through ceging technique. were overcom Ln less

than 10 days, with 1ittle evidence of reeistance. In later studies du r;ng 1934
Struble (104) attempted to induce attacks on the basal itrunk portien of ‘two
mature trees and found thet “great resistence on the pert of both trees wes
-evident by resin flows go heavy that the bark surfaces were completely corered..
' Meny attacks were attempted, none of which was succeasful, even_to th

of sbarting en egg gallery,;,Deadubeetlsg;wexewfpnnﬁwcog along

sides of each cage where they hed tried t caps, but.
These etudiee-iud;cated definitely that g

) ; qu .
necessary to resist the beetlas A ciency 1n resin or the eventual ex~
. hauetion of .this protective gsubstance as a result of peraistent beetle at-

tacks qulckly detarmines the fate of the hoet tree.ij’ o

Deterioration of the abandoned tree, ff?k“”

Following the death of ¢ a tree, Struble (99) atatea that "the foliage gradu-
ally darkene, end after a pariod. of 2 to 3 years,drope to tha ground, leaving
the trees standing ss snagse.” The. bark gradu 1y dropa wey esud within 5 te
7 years ell that. ‘remains is a Dbleached snag. ;With the paseing of time the_
snage gradually drop to the ground, gome of them still atanding 15 years
after death.: : Lo e v o

Most of the pole«size and fast growing medium. siee snags fall between 5 and
10 years, and dieintegrate rapidly whzle thékolder mature treee ‘stand es

enegs for long periods. Thie apparently depends on the much graater volume

of rot resistant heartwood within the bole of cldar trees, which disintagrates
very alowly even after a snag has fallen to the ground°
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'BIOTIC RELATIONS
Biotic potential.

The potential incresse of mountein pine beetle populations in gugar pine is
enormous. For example, Struble's (99) record from 96l inchee of egg gallery
showed an average of 2.6l egge per inch gnd an average of 150 inches of egg
gellery per squere foot. Hence, there was an average number of 392 eggs per
square foot in the erea sampled. This number ie probably representstive of
the maximum potential per squere foot of eftamcked berk area. The averege is

probadly betmasn 200 and 300 eges por sguar foot.

.The average number of attacking adults, based on between 7 and 8 attacks per
square foot (Struble 99 end notes) ie about 15 per square foot. Hence, the
potential population increase per unit of bark area attacked is betwsen 15 and
30 times the numbsr of adults inltiating attacks. The mortality of eggs

and lervaee is very high, as previously indicated, and the sctual increage in
population is only slightly sbove the attacking population. As indicatéd, the
number of progeny adulte emounte to between 20 and LO per squere foot, which
is nearly twice the attacking population. Many of these adulis die before it
is possible for them o attack; and unless there is an increase 'in excess

of this number (which is probably the case during epidemice) the population
level remaine fajrly statie. SRR '
‘Butrition. - e ;,lix,=
" Some preliminary studies of larval ‘nutrition were underteken by Struble (107,
109} during 1936 and 1937 in which mountein pine beetle larvaeé were reared in
' " tubes conteining mainly phloem of a given character or treatment.
leat 8 of larval development from firet instar to the pupal stage
were based on welght in milligrems. The most significent resulis of this
study were: (1) outer bark failed complétely %o support growth end develop-
ment of larvae while normel development was supported by phloem ("larvae
which were fed on normal fast growing ponderoce pine and lodgepole pine phloeme
developed from egge to sdults in § weeks"); '(2) larvee which fed on phloem
treated by alcohol to remove sugsre gained less than those which fed on phloem
treated with ether to remove proteins; (3) fresh ponderosa pine and suger pine
phloen in separate tests resulted in positive correlation beiween moigture
content and larvel geln regardless of tree species or site--phloen with the
highest moisbture content showed greatest gains in weight per larva smong

fast growing phloeme, but the gein was not so great on slow growlig phloem

even though the molsture content was also very high; (L) pbloem from differ
ent heights (base, mid-bole, and top) from one suger pine and pondeross pine
showed that "the greatest development in esch case took place on basal phloem,
where more moisture was present.' While highly preliminery, the resulte
served to indicate that there are differences'in phloem from trees of differ-
ent zrowth rate, amd differsnces in phloem of different moisture content.
This in turn presumsbly hes en lmportent bearing on the sbundance of popu-

lations that can be built up within a stand.
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Oompatition, ,,

The number of individuale in & brood reaching maturity is limited to'a
certain extent by the concentration of attacks. No studies in sugar pine
have baen ‘medé to determine the effect of overcrowding on “brood mortelity,
but in western white pine Bederd (31) etetes "it is ‘apparent that the great-
ezt efﬁciency in gallery conatruction is secured when there are from 9 “to
15 attacks per square foot.' He states further that "obviotsly the more
.barlc that 13 destroyed (in,,egg gallery construction) the lesa food there

nes teken st ‘different periods from 332 to 1940 'notae)
showed that 43 percent of them contained Ips top~kill infeastations, 4 percent
conteined flatheads in the top, and 6 percent contained mized infestations of
D. mongicolae and flatheads; the remaining Y7 percent contained pure mountein
Pine beetle infestations. Because ..E.. confusus attacis are confined to the

above 70° 7. (occ v 11y

velopment. "It is daubtleae probabla that temperatures cont:l.nuzng above 90°
under the bark would prove to be fatal, such as has been found %0 be the case
in the tops of loge lying on the ground, but there have been no cases ob- -
‘served of broods being killed in stending ‘trees b,v the effecte of high
_temperatures., :

Unseason& le low tempere.tures have been demonatrated by laboratory teats to
causa mortahty, _Struble (97) found that there was 100 percent mortsl ity

of all broods at 0° F; 88 percent at 5°' 64 percent at 10°; and 28 percent at
15° ¥, (A1) of these, taets were conducted on brooda subjeated to normal de-
velopmental temperatures for an extandad period). He states that "it 1e
epparent that the aurvival of D. monticolae broods when exposed to (sudden)
freezing. temperatures is governed by by the frequanoy and severity of low tem-
peratures in the looality from which the brood was taken,"
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In laboratory tests on’ summer and winter broods of 1. monticolag larvae from
sugar pine, Yuill (122) found definite regional differences in resistence o
cold. He states "The larvae have a very definite seasonsl cycle in their re-
sistance to low temperafures. During the winter sesson they can endure much
lower temperaturas then in the late epring. summer and early f21l." Yuill
(122) continues "for example, the oriticel renge Guring the summer months was’
15 to +7.5% F., and in Jenuary it had dropped. from +7.5 %o -10° F.® '

For pract:.cal purposes freezing temperatures as they may ocov.r und.er fi.eld
conditions cannot be counted on to contirel this lnsect in sugar pine etande.
According to Yuill (122) "the ability.of the overwintering larvee of the .
mountain pine beetle to develop resietance to meet a wide range . of temperabure
conditions explains the abgence of winter mortality 1n this species. -~ ~ Bince
the overwintering 1arvaevhave the ability to develop a degree of cold hardinese
sufficient to survive sny winter temperaturee likely to oocur in the Celifornia -
reglon, winter mortelity will probably never be & conaideration in planning for
control of this insect.®

Moisture.

Information ie laoking on the ‘efféct of excessive or too lit’cle moiature on'

- D monticolae broode.‘ o studiea ofher than the nntritional 1nvestigationa
discussed previously dealt with moiamre relations. In thoee studies by 3
Struble (107. 109) there seamed to be a direct rslationshxp between high mois-
ture content of phloem and lerval gain. There was, however, mo indication oL
of excessive moisture or its detrimental effect on ‘developing larvae. “

All the information we have on excessive or deficient moisture is baséd on-
generel obeervations. For. example. it has been cbserved that poor broods have
developed in logs which were gealed on the enda with paraffin to prevent dry-»
ing. essive moisture conditione within many of the logs trested. in this
way seemed to be indicated. The moisture oonclitions were also accompanied in
SOme. cages by heavy fungus growths, wh:.ch also . may have causea ‘brood mortality.
‘Observations of broods developing in extremely slow growing sugar pines m.th
very thin berk and phloem have indicated that defi clent moisture owing to
rapid desiccation was the cause of such light brooda as were found there,

Light relations. :

' The information availeble on the phototropic responses of mountain pine beetle
adulte ie rather sketchy, but sufficient to indicate that light is's profound .
stimulue in their flight hebite, In teets with the Gordon (50) olfactometer,
Hengill (56) (work:ing with mature new adult beetles which had been removed. from
brood logs) found that "the beetles elwaye moved out into the arme away from
the centrsl 11ght and would orient themsslves in the arms s0 as %o De in the
reglons of leaat 111umination They would behave in this ménner ‘when the ends
of the arms were lighted hy electric” lighte or by week daylight.® In later
(olfactory) studies with mature, naturally emerged new adults (using the same
apparatue) Struble (120) noted that " the tendency of the beetles to fly . becauee
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of the light stimulus resulted in many of them getting turned over on their
backss The apparent confusion vresulting therefrom Andicated that the light
factor was responsible for much erratic behavior and loes ‘in the time of run-
ning tests.® 1/ Under natural field conditions the Flight of adult beetles
occurs ‘only" auring daylight Hours, and the light factor may be presumed to be
the principal flight stimunlus, and doubtless the most important faetor enabling
- them to reach their host.

lmemiee. : 8

Parasitic and predacious 1neect enemies of the mountain pine beetle in sugar
.pine have been reported from tim $o-time 1 »
insect. In 1918 Miller (65) st Muring
Yosemite- National Parku ‘California, and in the vicinity ‘of Ashland. Oregon. :
pertainzng to ‘the damage and coritrol of the motntain pine beetle, it was found
that this bark beetle was hoet to st leset two ‘species of Hymenopterous patas~:
sites; ons species of Dipterous parasites: three species of Coleopterous preda-
tors and several epecies of woodpeckere. Owing to the limited amount of dets
obtained, the percentage of control involved by these natural enemies was not
ascertained." Person (85) states "on February 20, 1928 A. Wagner collected a -
number of“‘redacieue end other insects from beneath the bark of a D. monticolas
found near Nerthfork. Thisfmaterial wes looked over by the .
1a virescens rae " an 1n1 ﬂiventrie larvae, 2,‘

‘of extramely thick :
@ ‘e“eue Lec.)}

other predacioue Goleoptera of leseer importance. but”th extent of
-they exert on D. monticolae broode ig indefinite." In thie ‘same report Struble
statesg glao that "certsin parasitic Hymenoptera ars common in infested areas of
thin bark, of which Coeloides sp. is most 1mportant. ‘Parasitien of broods by
thie ingect in bark less than’% ineh‘thick ie very high. but ‘the occurrence of
D° monticolae broods in thxn bark ie infrequent 1n eugar pine. i

1/ The use of immature beetles in Heneill‘s teste is believed reaponsible
for the negatively phototroplc responses as oppoeed to Struble’s results with
fully mature end naturelly emerged adults. Heneill's results cannot, there-
fore, be considered 8 normal mature ‘adult responae to the 11ght stimuluso‘
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In lodgepole pine, DeLeon {37) noted that "of all the insects associated

with D. monticolae thosé that belong to the genus Coeloides are perhaps of
greater Importance in blological control of the beetle then any of the

other investigated spécles." Spesking of predatorlg parasitee and associated
insects in lodgepole pine, DelLeon (39) states that "in the case of the ’
mountalin pine beetle the progeny emerging from & tree would be at lesst two

~ to three times &s pumerous as its parente that killed the tree wers it not

' for the insects which destroy the immeture forms of thege beetlee,

In western white pine glso, Delieon (H0) observes that "Coeloides ep. wes
found to be the most important parasite of D. monticolse. waever. the dis-
tribution of the larvae of thie parasite in infes&ed white pine tirees is not '
es even &8 in the lodgepole.”  Among the predacious iueecte Deﬁeon (MO) found B
that "the larvae of this insect (Medeters aldrichii Wa.) are ‘the most valuable
predators of the mountain pine beetle in both lodgepole pine and western =
white pine; but no method has yet: been devised to. enable one o determine how
valusble they are...It is probables however that they deetroy much more brood
of the beetle than is destroyed by Coeloides, as the eges. of the fly are laid
in trees as soon as they are attacked." L e . , . 7

It may be 1mpossible 7o) determine the. axact amount of control by ineect
enemies; - DeLeon (40) states that "on the average it is probable that not
over 40 to 50 percent of all the brood of the. mountein pine bestle is de-
stroyed (by Medetera eldrichii) ﬂalthough no. figuree ars available fbr this
- gupposition.  In spite of the hlgh,deetru ,ion to. theﬁbroo : oubtful
if this insect ie as valusble a feotor in conbz £
a8 1ls: Coeloides, whose everage- paraeitlsm is about 16, pwrcent.ﬁ Bedard (30)\
states "these insects (Coeloides dendrogtoni Cush. and Medebera aldrichii Wa.)

area so valusble a&s controlling agenteqthat eometimearfrom 80 Eo _percent

of the mounjain pine beetle within: ceriain infeste : e,ie destroyed by -

them.®. In la Lecn (3) ¢ \ & *C

the most. 1mportan s Y
pole pine in these: reglone (Washington. Idaho. ]
quently runs as high as ‘80 or 90 peroent. - parasitiem ranged £rom
Y to 23 percent, .depending on the sge of the infeetations.fbut in individual
4ently reached 90 parcent.~‘ Regar .ng predators DeLeon (4) con~

) atera aldrichii Wh.'is the moat’ important predator ‘'of ths mountain

pine beeﬁne infesting lodgepole end western white pine. 1t probably destroys

4o to 50 percent of the brood of this beetle.”

Birds eecount for & conaiderabla portion of the mountain pine beetle in the

larvel.. pupal end. aduld stagee., Most of them ere woodpeckere. gnd they are

- most sctive during the winter and . .spring monthe, flicking away the outer bark,
per ticularly in the uvpper part of the infested trunks, to obtain the broods -

- within the inner bark. According to Struble (116) "the moat important species

in the control of sugar pine infestations are the heiry woodpecker, western

- piliated woodpecker.the white headed woodpecker. end the Lewis woodpecker.”

In the northern Rocky Mountain region. Riat (93) analyzed ‘the gullet contents |
of nighthewlks end woodpeckers and found considerable numbers of D. ‘monticolse
adulte. Among the woodpeckers he found the Alpine 3—toed and Rocky Mountain
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woodpeckerg to be most importent, He' stated that "the woodpeckere being much
more sbundant than the nighthawks ~ = ( thay) are undoubtealy the most 'bsne«
fioia.l birds in the regi.on W

'.Little is known ccncerning diseases of" the mounta:.n.pine beetle or- their
possible effect on bestle populations. Digeases bave been guspected as the
cause of high mortality in certain trees meny times, but no studies have been
initiated %o determine the nsture or identity of the possible causitive or-
ganiems. According to Struble (116) "Exsmplew of natursl control that can be
- attributed to: fungl snd bacteria sre found slmost every yeer in the brood

- failures 4n certein trees that had been: heavily attacked: by the mountain pine
‘beetle."  In these failures there are often no indications of brood: beyond

the completed ezgg gelleries, but frequently there are "black and decaying
first and second stage 1arvae,“ killea apps.rently b.v gome microscopic orgenigm.

Associated Insecta. "
No studies have"been undertaken yet to- evaltiate the full role of gssoclated
insects.  Hence, the informetion known is primerily the result of a number
of stem infeste.ﬁion recoxds and observations whi.ch were nat reported on,

1'I‘he odmpetitive effect of the more common a.ssom.ated insects such as __p_é_
confupus, flatheads, and roundhesds wes congidered previously. - Among these
"ingect epecies, ‘the effect of roundheads wae not determined in the sugar pine
‘agsociation. However, in a discussion ‘of ‘associated ingects in western white
- pine, DeLeon (40) found that “the larvas of {Acanthoginus opliquus Lec,) - -
in feeding consume practically everything in their path, and thus where numer—
ous, are often directly déstructive to the brood of the mountaln pine beetls.
It is alao probable tha’c they destroy gome 1arvae 1nd.irect1y by lessening the
"fooa. aupply.," :

Besides being competitiva these insects a.lso ‘are bel:.eved to- aicl the mou.ntain
pline beetle- frequently in overcoming ‘the resistence of a tree. For exsmple,
the attecks in the top and branches of sugar pine by Ips ‘confugus often pre-
eede sucdegsful mountain” pine beetle attacks. ~ The game may be sald of flat-
heads, and to a lesser extent of round heade, Pityophthorus ep. end Dy valens,
all of which atteck living bark and phloem tissue.. Leaf end stem-fesding
scaele insects sre probably least important.as sugar pine weakening agencies.
which ’rend.er ‘treew susceptible to bark beetle attacks. : :

There are a number of a.ssocie.ted ingects in addition %o. the species mentinned
which have nothing to do with wezkening the host tree. The inssects in this
category are dependent on the death of a tree. gnd are attrected soon after
the resistance of the hoet has been overcome, ' Some are predacious, others
‘are parasitic, and many are presumed to feed on dead or decaying tilesue or
fungl. Except for & few of the more important predetors and: parasites, no
studies on the habits or life cyc‘le of the 1arge number of speoi.ee have been
undertalcen 1n eugar pine, :

In western white pine tha aesocie.ted. insect fauna 1s quite simi.lar to . that
in sugar pine. Studies by Deleon (41) in western white pine resulted in a
listing of many of the more importent species. 4 few of those which were
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stated to be definitely.predacious on the mountain pine beetle are as follows:

" "COLEOPTERA: Stephylinidee, Nudobius. sp, Quedius longipennis Mann., Quedius
sp.; Histeridee, Isolomalus mencvs Gey. . Platyeoma punctigprum Lec., Plegaderue
sp.; Uleridae, Encclerus lecontel (Wole) “Enoclerus sphezeus (Febr.), Thanasi-
mus dubiug Feb.; Ostomatidse, Temnochils virescene (¥ab,); Cucujidae, Cucu jue
clang_~ g Fabr.; DIPTERA: Xylophagidee, xylophqgg_ abdominalis Loew ‘Dolicho-
podidee, Medeterus sldrichi Wh." ‘ ‘

Disesmination.

"The spread of mountain pine beetle infestations from one tree to another close
. by or at some distance occure as a result of the adult flight habite following
maturity eand emergence from the parent host tree. No epecific studies have
been undertsken on dispersel, the factors influencing directional behevior
during flight, the factors involyved in the selection of a host tree, and -the
distance travelled by the adult mountein pine beetle in. the sugar pine
association. K
. /. .
Some recorde of flight in the lodgepole pine and western white pine associetion
in the northern Rocky Mountain areas indicate the beetles may. fly for consider~
eble distences. Evenden et &l (7) state Yrecords show that infestations of the
mountaln pine beetle have crossed timberless areas from 15 to 20 miles in
width, Thig fect indicabes that these beetles are able to masks. long flights
or can be carried by air currente, with perhsps both factors playing an; im-
portent part in such digsemination. Although such flights socur, there'is no
conclueive evidence as to the distance or direction these inseots will moye.
The locsl spread of an infestation is no doubt governed by the availabili%y
of host material "

Prelimlnary studies by Terrell (121) with wind«vane traps. 1ndioated the pog-.
sible influence of air currents in dispersal. He states that the treps "were
-2lways faced into the wind by the action of a weather-vane tail; therefore, '
collections were made only of insects being born with the wind." . He found
" that "20 of the 65 speoiss of Coleoptera collected were bark beetles. The
mountain pine beetle was taken from the traps on both Roundtop end Sulliven
mounteine. Although these traps were not. far from timber. insects passing
this point could, no doubt. havée been blown for meny miles before descending
to the ground." Further tests by Terrell to determine the height of flight
of the mountain pine bestle by an aelrplans trep snd weather bureau kite indi-
cated that scolytids fly at lower elevations. ¥No D. monticolae adults were
taken.

Troplems.

Pew studies: have been undertaken to determine the rasponse of the mountain
pine beetle to verious stimull considered important in directing the beetle
to the host tree. It is a matter of common’knowledge:that the beetle is
readily attracted to trep loge, windfalls, lightning~struck trees, slash, etec.
as well as to living trees having no spparent injury. The complexity of
factors involved in directing the beetle from the place where it was reared
to & new location for ite abttacks and broods is etill little understood.
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The initial investigative work consisted of various attraction studies with
this beetle in lodgepole pine. Patterson (75) found that "successful sttacks
by the mountain pine beetle may be induced on lodgepols pine trees by caging
infested materisl eround the base of ‘the tree, by leaning infested sections
of logs-ageinet the base of trees, end by trensferring live beetles from
attacked trees to green trees." In further studies by Patterson (77),.
attenpts were made to induce attacke in lodgepole pine. - "Trees were ‘felled
- “in the open-forest; the bark on the basel portion of others was ecorched
@withvbloﬁ*torcheg:fand:still'6thers*Wereéartificallyfdefoliateanbyﬁplucking
"-or snipping off the needles and by burning the needles. Other means were also
employed, such ae-transférring living snd desd bestles and - fresh pitch tubes
from attacked trees to groen trees. Weailing infested sections of attacked ,
trees o green trees and meking neil holes through the bark of living trees.®
* Studies by Struble (118) on the poesibility of a relationship between crown
~decadence of sugar pine and attacks by the mountain pine beetle were discussed
earlier° o \ BT T IPt E E . e . Bt e . , 5 /
‘These studies served to show quite conclusively that the mountein pine beetle
could be attracted to logt material, but that smong living trees it was im-
possible “to predict which one would be selected on the basis of wisual tree
characters. As & conseguence it bocome necessary to consider the analysis

 of ‘'some of ‘the moet obvicus fadtors believed to be involved in attraction.

Light, temperature, odor, and air currents were congldered-ae primaryi The
light factor which is belfeved to induce flight was discussed earlier.-
: - R SN
Temperature is extremely importent in stimulating the movement of the aduls,
* and observations in sugar pine gensrally indicate thet the emergence of new
‘adults from infested trees is stimulated by tempersturs elone which must be
60° ‘F. ‘or above in the sugar pine type before eppreciable emergence takes
' place. * Temperatures renging between 70° F. and 85° F. sppear to be optimum

‘for both ‘the aotivity snd development of this insect.

The factor of odor may be of greatest importance in directing the beetle

. %o its host. 1t was on this assumption that studies were undertaken by
.‘Struble (120) ‘in ‘suger pine. The Gordon (50) olfactometer was used in tests

of the attractiveness of phloem from frees varying in vigor or decedence,
newly atiacked trees, lightning-struck tress, different heights of trees,
sapwood, foliage, etec.. In-this aspparatue it was possible to control light,
temperature, odors, and air movement. The fact that "mogt of the tree me~
terials tested repelled the beetles regardless of their possible. attractive-
ness to beetles in flight" indicated the need for greater refinement in
teclinique and considerably more ressarch work before conclusions were possible.

~Host Selection. ‘

The host selection principle, en hypothesis advanced by A. D. Hopkins, pre-
sumed that if D. monticolae was-reared for suocessive generations on the
‘seme host, it would continue to prefer to rear its broods in that host. .
This principle was tested by Keen (60) in 1916 who concluded that "sugar
pine ig the preferred tres regardless of what tree the beetles originated
in." He stated "that given en equal chance, bestles even from yellow pine
exhibit a preference for suger pine." Keen comments thet "1t mey be that
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in this locality (southern Oregoﬁ) gugar pine is the preferred iree becaﬁse'
the beetles have fed on it for génerations and thet they simply attack
. yellow pine by chence or when thrown in contact with it."

Evenden (4Y) presented evidence from field observations on a number of insect
control projects which indicated thet the mountein pine beetle prefers to
breed in a single host es long as that host is available, bub wi%} breed in
other host trees when there is a scarcity.of the preferred host.=/ Bedard
(29) steated "it would seem that there is a deoided preference shown by the

- mountain pine besetls in its selection of a host, white pine being preferred,

. when the beetles emerge from white ping; -with Ingelmenn spruce, lodgepole
. :pine and white bark pine preferred in the order nemed." He pointed to the

“necessity of considerably more studies befors conclusions were possible.

Further studies of host sslection by Struble (105) in eugar pine resulted in

the observation that "under natural counditions there appesrs to be a selechivi-

ty for one species over another which may be dependent on inherent qualities

developed through continuocus breeding in a specific hoet. Strong evidence

of this is found in mixed ‘sugar pine-ponderosa pine stands of California where

sugar pine is decidedly preferred even though ponderose pine is the predomi-

. nent ‘species."  Struble states, howsver, that "cage conirol experiments - -

_using freshly cut green logs from a number of hosts falled to show eny de-
cided selection between four species of pines tested; sugar pine, lodgepole

pine, ponderosa pine, end Jeffrey pine." . . . ey

¥

Epidemiology. N
Fluctuations in the intensity of mountain pine bestle infestations in suger
pine stends ocour at indefinite intervels. There are epparently no well de- -
fined cycles of activity. Infestations of unusual intenelty often appeer
suddenly, causing considereble damsge, and subglde as, guickly as they sp-.
peared. At other timee there is a gradual rise from low to high to low again
covering several years. '

The infrequent periods end rather indefinite character of fluctuating infes-

~ tations have offered only s limited opportunity for studies fo De made on the
causes underlying them. What few studies that have been made indicate there
are 3 general types: (1) the endemic or normel infestation which is generally
low and. prevalent for long periods;_(a),the gporadic infestation or localiged
sudden flaréup in which a large number of trees within a lozelized area are
“killed; (3) the epidemic in which broad general ereas are infested and great
numbers of trees are killed during ite course which mey last for several asason

The character of trees attacked differ_consideréﬁiy from those attacked by the
western pine bestls. Keen (14) hae indioated.the tendency of the western pine

beetle to select decadent, weakened trees upder endemic conditions, but the

1/ Occasionally freek ettacks are mede on trees not normally a host of this
_beetle. TFor exemple, in-1932 Miller noted an 8-inch white fir which com-
tained seversl D. momticolas attacks slong the bole. Also, Struble (105)

* reported fresk attacke on incense cedar. but all adulte hed died.
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lack of such selection during epidemice. Struble (118) indicated there is
no spparent choice exhibited in selection between vigorous or decadent sugar
pines attacked by the mountain pine beetle; and beceunee of this the besetle
mey be more aggressive than the western pine boetle. However. Struble (99)
states "From the data obtained by caging trees of veried rates of growth, it
was found that with a given number of besetles per .square foot of area at-. =
tacked, it was much easier for them to become established in elow growing
treeg than in either moderate or repid growing trees:: All slow growing
trees were overcome end completely killed within a short period, while wvary-
1ng degrees of resistance wae shown in the madmum and faet growing groups.”

“One of the causes for a sudden upward trend from normal endemic infestations
can be attributed to windfallg. In a study of 2 outstanding windfall areas .
in Californis (Upper Lake Windfsll, Cslifornis National Poreet, 1921; Inyo-

‘Mono Windfall of 1923) Miller (17) states "in buth situations studied, bark
bestle" epidemics appeared ‘with such guddenniess in stending timber about the

‘windfalls that their origin must have bveen largely the beetlés coming from
the windthrown loge. These epidemice subsided with equal suddenness ‘after
reaching their peak in the etanding tress. - - The period between the occur-
rence of the windfsll and the bark beatle outbreak in stending timber
renged from 2 to u seasone."

More recently Struble (110). in speaking of & localized outbreak of the
"mountain pine beetle in'a cutover regerve sugar “pinearea of the Sierra Na-
tional Porsst, states that "During the winter of 1935-1936'a large number
of trees was blown doWn by the wind, particularly in the vicinity of Signal
Pesk and southwaat of Iron ‘Mountain. The current infestation is centered
in the windfall areas. The neentration of the mountain pine beetle in a
large number of smaller trees (within the windfall areas) suggested strongly
the windfall origin of the 1936 infastation woo

Another cause of gporadic increases in infeetation is attributad to slash
areas. This has been found to be true, perticularly in areas where heavy
glashings, | ooneisting of 1arge nunbars of "Yong buttel cull” logs; end tops
heve been left in the woods. The most outstanding exasmple was recorded by .
Patterson (79) from Big Creek Basin in the Stenisleus National ‘Forest from
1931 to 1933. The slash area’covered 640 acres snd affected surrounding

. virgin timber, ‘predominently suger pine, in en area comprising 5 eections.
The losses to standing sugar ‘pine timber-as a direct result of slash breed-
ing of D. monticolae during the 3-year period emounted to 828 treee having
a volume of 3,997,670 boerd feet. As 8 result of an intaneive study of this
- area;, Patterson conoluded Ceidded

k:"cull loga. butt cants, and broken eections of trunks of sugar pine ere
especially attractive to the mountmin pine beetle and that slash of
this character is faworable breeding,material for these beetles.'

"Mortality is relatively 1ow 1n broods developing in slash that ig well
~ protected from the eun by dense brush cover and thick underetory such
a8 wes prevelent on thig: area, , ~

That @ flare~up in infestation in gtanding timber mey be expected when
logging 0perations are suddenly stopped. That such lncreased infestation
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occur in the immediste vicinity of the slasgh; and that there is an ac-
tual reduction in loeses in more remote arsas.

"That it is hazardous to.leavafenﬁire trees, or any other lsrge amount
of breeding material as was dove in this operation; since brocds breed-
ing in such materisl develop normal - progeny and greatly incresse the

“beetle population. o

»'Uhs gneatlyvinereasedvepidemic infeétation wee of short duration in
this. case snd it followed the ssme cycle as o%her slash infestations

: previouely gtudied. . .On thig ares thewepidemic subelded within 2 years,"

One outetanding character of these localizad sporadic infastations is their
suddenness both as to sterting end in ending.k This ig dne apparently to the
ablility of beetles to build up large populations in the proegtrate non-
resistent logs. The beetles emerging from such infestations attack in great
numbers the standing trees, ceusing severs losses, but owing evidently to
stand resistance the pressure of populationa is goon lowered again to an
endemic leve1, ) : .

Widespread generel epidemice of the mountain pine beetle in sugar pine since
studies of this problem were instituted have been too few to give us a basis
for determining the csuses. According to Miller st al (68) in 1okl "records
. of the insect control projects undertaken on the Sierra: National Forest show
that within the.past 30 years, there have been 3 major periods when the
nountein pine beetle was aggressive generally.h The pesks sppear .to heve besn
40 1917, 1924 and 1932." In epesking of the 1932 epidemic Struble (99)
stated that theére was “widespread damage to megnificent timber of outstanding
commercisl and mesthetic valve in. the. cantral Sierra region, embracing the
Stenislsus and Sierra Nationsl Forests, and Yosemlte, Genersl Grant snd
Sequoia Hationel Parka L e :

- A Few thaories have been advanced as to the. causes of general epidemics and
have been loosely permed. by Miller ef al (68): . "(1) the climetic theory;

(2) the light burning theory; end (3) the biological -cycle." According to
the climatic theory "there has long been a general belief emong those in-
terested in this problem that beetle ouibreaks are directly related. to drought
periods.” The light burning theory Pprogupposes that moisture is removed

from: the ground by reproduction end thus weakens stend resistance; the re-
moval of reproduction by light burning on the other hand, would improve re-
sistance snd prevent epidemics. The biologicel oycle presupposes that "bark
beetle populations fluctuate with e ceriain degree of cyclic rhythm or .
periocdicity due to the operation of biologlical factors." Thue the effects
of  temperature, predecious insects, birds, associsted insects, slash, wind~
falls, etc. mey figure in one way or another in their effect eesparately or

in comblnation to influence the pressure of bark besetle populatione.

ECOLOGIOAL RELATIONS

There are meny factors which in one way or another affect the reproduction,
growth, end survival of euger pine. The action independantly of single
factors, the combination of 2 or more factors, or the interaction of all

.



- 21

factors in influencing the condition of this host is known only in a general
way. Their influence upon the attacks by ingsects, particularly by the
mountain pine beetle9 ie still largely in the realm of speculation‘.'

Sqme of the ganeral requirements of sugar pins are indicated by the die-
i i e species° Acoordingbto Betts (1) " The

. then any of ite associates except the‘sequoiaa wﬂth’whieh is occasiogally
found. - - One of the most remarkable characteristice of the tree is ite
abllity to sustain its rate of growth up %0 a very advenced sge., - - Con-
sidersble moisture ‘in both eoil and amir is'essentisl for the rapid develop-
ment of sugar pine throughout all stages of its life, particularly during
‘the seedling and sapling periode, The tree dém‘\ds & large amcunt of light

,-//"‘;’

g8 \\

0P,
these aress. Its occurrence at 1ower olevations in the northerly‘latitudes
- aad atﬁhigher,elevations 1n;tha<aoutherly latitudes of its renge, is believed
‘ ~ | 3 ‘develop-
3y ative of
a struggle wibhjclamamic fac‘ re.,. '

Silvicultural and environmental relations,ﬁf'

‘1. Site factors. Within the climatic zones favorahle to the develop-

ment of sugsr pine there are other factors which doubtless exercise &
. localized influence on the diatribution and health ‘of thie tree epeclee.
The topographic character of the landscape.k, d the oomposition. qharacters
and depth of soil are ‘doubtless among the mqre important physical fa ctors

which mey 1imit the development or survival of this tree and determine the
 site. quality. Within the optimum devel pment zone the poorest sites are
found as = rule on steep ridges broken by deep’ pavines, or on elopes which
arée deficient in good eoll. Thege condltions combined with difect exposure
to the sun on south and weet elopes are the least conducive to good develop-
ment. The best sitee are those containing deep, well drained soll which is
rich in humus, on level or rolling terrain, and on north slopes. Within the

: '\to 8 larger sige
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-often resulted in broken tops and windfalle,
_6lash has resultad id e repid 1ncrease in beetle populat

The opening up of virgin t"
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optimum zone the highest percentege of sugar pine stends are site II
quality. Sites 1 end III are common, while sita IV in rera.

The volune per acre of sugar pine varies from 10, 000 board feet per scre |,
(approximately) on the poorest quality eites to over 50, 000 board feet per
gore on the beet quality gites, with an average of approximately 25,000 to

,30 000 board feet per acre_within the mixed conifer forests in which it is

) greatest volumes ars found in the type composed
sug i»pine and white fir on the“best sites.

e to determine whether,there ie e relationship

mounta ‘pine baetle bazard., What data there are
ip, but rather het there sre" other

greatar influence on the ‘beetle he.zard.°

factors whioh_ap‘arently sxert

‘ The factors of compétit n end overmaturity of the atand. for example, sppear

to he more lmportant and in this respect there is indicated that some of the
greatest hazards are on thefbettar sites.igl ‘ /,

2, ,Env1ronmental factqrey‘ h

.way right~of~way clearings, ‘etc. affect the reeidual sugar pine stand in

different weye. While few specific studies have besn mede in connectlon with
any particuler type of slash aresa, numerous observatlons on slash areas have
indicated the development of conditione favoring increased mountain ping

 beetle activity. . (One outstanding example in the Big Creek Basin (Stanislaus)

. of ‘the etend on logged aress has
hich in sddition to logsing
and subsequent

wae discussed previously. ). The op¢

:infestation goﬁnd timber nearby,(as a result of braedlng and subaequent

increases iy b_etle populations in the heavy slash,_ S

,red areaé to full eunlight and subsequsntly to-
increased temparatures and lessened humidity mey in some ingtances be detri-

) mental, The drying out of soil, thé dietufbance of ground cover, and often

the root systems, may be the ceuse of some weakening. Injuries to the crown
or main bole sustained by logging have been observed frequently to result in
poor appesring, apparently weekened trees which presumebly ars ausceptible '
to mountein pine heetle attacks.

The 1mportance of windfalls in yirgin pine areas a&s a source of beetle in-
festatione wag discussad previously Aside from this mensce the coourrence
of windfslls opens up the timber and mey improve growing conditions for the

4residual stand.by lessening compatitlon for food supply and moisfure. Fre~
quently, however, there is mechenical injury %o nearby timber, such as broken
- dimbe,. damaged bolea. eto, _caused by the falling trees. :
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The destruction and damage censed by fire in virgin stands of timber is well
known, In the sugar pine type there ars no exceptions in the number of trees
killed outright end of those injured in one way or another. or of the demage
to soil. ground cover, and reproduction. Tha general weakened conditions

of surviving sugar pines renders them particularly susceptlble to mouvatain
pine beetle attacks. Generally, infestations have been observed to develop
--within 1 to 2 years after the burn and persist for 2 to 3 years. =

gInfegtod firgwinjuzed sugar pines aro not generally oonsidered & sexioue

: icinity of the'hurn 1ying to the'sout of Big M“

“in October 1941,  In the burned area s adjacent to the burn, hun~
dreds of reoently faded trees were observed." This infestation dled out
rather suddenly following the kill of fire injured trees and the inetitution
“of direot oontrol by the National Park Servioe.v;wﬁy -

The effeot of mountain pine beetle infeatati(ns upon a stﬂld of timber, eside

from the menane to 1iving troes, is to open up thé‘standa In this respect
cavsed by wind: ‘ Ths effect ig

(1) there wers

for soil moisture, eto., (2) that the obening of the stand spparently stimm-
xlatod danee”growthabof whitarfip‘reproduot;onﬂin mosb instanoes anqrthds a

uel: , L el ’toward dying out, and was
“baing replaced by 8 dense thicket of fir reproduction. On this plot originel-
1y there were 44 mature suger pines having & volime of 78,150 board feet.
‘Within 15 years prior to 1943, 17 of these trees ‘with & voluma of 29, 000
board feet had ‘been killed by the mountain p&ne beetla.

Tree Condition.

The health or vigor of the individual tree has been presumsd to have much

to do with relative sueceptibility to insect attacks. What fow studlies that
have heen 1nseitutad in this regard, howover, have yielded 1ittle in the way
of proof that there is.a relationship. It was indicated by Struble (118,
119) earlier that the degree of decadence or vigor ‘in the crown of & tree
and. also“the rate of growth were not found to’ correlate with mountain pine
beetle attaeke. Thus, it would sppear that whatever weaknesses are indi-
cated by the ganeral appearanoe of the crpwn are 1ndependent of any effect
that they may have 1n 1nf1uenoing beetle attaoks,

The vigorous or deoadont appearance of a sugar pine as indioated by the
shepe and fullness of the crown is in general correlated with the width of
annual rings and. the age of ‘the tree. Young trees growing in en open stend
free from excessive competition grow mogt rapidly. those growing in heavy
stands under highly competttive conditions grow more elowly. The growth rate

.

ecreasing the competition
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of older trees slso is influenced by competitive - circumstencee. ‘the

- slowest growing, most decadent trees are usually the oldest ones growing
under highly competitive circumstances. This has been observed to be true
on any given site, with variatione in age, growth rate, end height influenced
by the growing eite.

-
?

There are a number of agencies which tend to weaken trees, in addition to
the influences of site or climatic conditions. The effect of lightning in a
very high percentage of the cages lg guch that 1nsecte attack and kill these
treea within e few monthe af ter injury. Drought is elower in 11:3 effect,
but ie considered to b an importe.nt tree wealceni.ng agencyx 4 The effects. of
fire scars are often 8 eue. Gmitting the entrance of rots, and often bad-
1y injured trees are bl over by the wind. Top—killed trees, resulting
from eggreeeive Ips. fla‘theeﬂ.. or Pityophthorue attacks are definitely
weakened. and often become the victims oi‘ ‘mountain pine beetle attecks.

The effects of fungi and mistletos are lesser known. The oommon oak/root
fungus, Armillerie melles, has been found g8 an aggressive killer of young
sepling and pole-size sugsr pines in different perts of ifte rangs. Studies
by Struble (118) ind.ioe.ted that the brench injury (die 'baok) on masture sugar
pines might be oaueed.,by e fungu.e or virue infection. The 'blue—etam fungue
sessociated with insect attacks probebly ‘hastens the death of a fres or the
part of 8 tree affected. by ineecte. but 1ts aggreeeivenese is e.ppare?tly de-
pendent on previ.ous in,jury by 1neects or. some other faotor.

' ,Mistletoe ie in many cages v y prevalent end frequently it cauees badiy de—
formed crowns thrcugh the grewth of witiches brooms. Mistletoe ig ‘spparently
most frequent on_poor sites, and trees heavily affected by it have been found
. to be highly eneceptible to attacks by the mountain ‘pine beetle. According
to struble (118) fthere is Llittle doubt but that this perasitic plent
(mistletoe) is a dietinct weskening agency, ‘not only on mature timber, but
eleo smong irees of all ages from seedlinge to mature treee." According to
W, W, Wagener in correspondence dated Septembsr 11, 19#1’ "The sugar pine
mistletoe, Arceuthobium camgzlogodum blumeri, ordinarily canses greaker de~-
formation and leads to killing of affected parte sooner than the form on
ponderosa. pine." - .

There are several insect epecies which have been fou.nd $o feed on the follage
and twigs, emong which scales are most prevalent. “According to Struble (118)
in a study of. the causes of crown decedenee negr Green's Mill, Sierra Na-
tional Forest, "The pine leaf scele Chionaspis pinifoliae(mtoh) wae found

to he the most consistently di.etribut‘e&. but general demege to follage was
not detectdd on. any of the trees in which 1% occurred. The most evident
damage to foliage was in the form of yellowieh or etieleted. spots, the cause
of which was suspected to be mesociated with leaf~hoppere. ‘Although they
were never seen actually. feeding on the foliage. the presence of numerous
leaf-hoppers seemed to indicate thet they may in some way be linked with
demegs. . Two species wers identified by F. W. Omen es Aceratagellia lyrate
(Bek) and A. celifornics under Hopk. U. §. 23751."

| Among eapling end pole-sized stends of sugar pine growing under highly
competitive conditions, the scaele insect Matsucoecus pancicatrices has been

found ‘to cause deformation end killing. In gtudles of thi.s problenm,
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McKenzie (16) states "On the basis of observations made in. the field,
Matsucoccus paucicicatrices apparently hes & definite weskening effect on
younger trees from. eapling to pole size. Some ‘trees have been killad out~

.. right as & result of %the scale feeding. but _the more common type of in,)ury

observed is the dsformation of young trees due to the killing of terminal
.. leaders and lateral branches.  Infestations of thie scale .appear to be
_ Tavoved by conditi.ons of highly competitive growth. 9J.th ugh injury ca,ueed

n growing oh rathei' poor eite; sa‘ been found : '”ighly\ 4suecapti‘blemto scale
1nsect attack and branch flagging, S P o ,

DIRECT CONTROL METHODS

'l‘he control of bhe mountai.n pine beetle inﬁ, sugar‘ pine stands has been /80
. closely linked with western pine b '

has been little.geperation, -eithe
- methode of eradi ating the beatl'

bee tle contrnl program .

\\
:‘Ihe mountain pine beetle frequently occurs as the onl,v raggressive insect

pmes are .the main aaset, control
of the infestation. .. On commercial ,‘ora
ever the number of infested {rees rises & 1
endemic loes. In most virgin sugar pine aresas. the loss
, ';per section. is -serious.. enough o jh ! ediate action, primarily because
0 Evenden et al (7) "In determin-
on, hhoughb, 'must be giv9n to the

, eive the necessary attanti.on':to prex}ent the development of the abnormally
large ‘broods which cocur in such. meterial."

] surveYBs . ’ - '1" a

The reporting of initial bark beetle outbreeks and the surveys that must
follow are discussed:in detsil by Keen (12, 14, 62) and to a lesser extent
by others (Johnson,. 59; Buckhorn, 35) long associated with control projects.”
Much of the summarization of detaml conte.inad within the reporte a:ad
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publications on aurveys hes been included in & summery of ‘the western pine
beetle by Miller (69), and hence only the more important highlights will be
1ncluded here which are pertinent to the coutrol of the mountsin pine bheetls:

According to Keen (14) "The first reporting of outbreske devolves upon the .
timber ownere, the State or Federal forest rengers, or others who are pri-
marily responsible for the protection of forests. Such work is anslogons
“to that of the forest-fire detection system. One of the first things to be
‘done is to determine the trend of the infestetion « - whether normel , in-
'oreasing or decreasing - a:ad. the possibility that netursl control fsetors
may soon ‘become operative. ~ = The next step is ‘to make sn extensive survey
of the arsa to determine what perts must be included in the control progrem,
the number of trees that will require treatment, end the probable cost of the
work.®

The method to be employed in mplcing these surveye is dependent on the topo-
graphic features of the infested area. Keen (1l) stetes: "The topographic
method, or red—-top gurvey, is partiouls,rly well edapted to estimating bark -

~ bestle losses over large forested areas of rough topogra.phy. where a large

'part of the forest can be viewed from open velley, ridges, or lookout points.
- - '.l‘he sample—-stnp method is adapted to estimating bark beetle losses on
flat or gently rolling areas where viewing from & distence is impossible. ~
Ordinarily a5 percent sample of an ‘area should ‘give a reasonably good esti-~
mate for control purposes, snd on large aress & 1 parcent sample is of‘ten
gufficient.” ¢ T

In using the tOpographic viewing method the estimator (Keen, 62) "equipped
with bi.nocmlars and 8 topographic map of the aree ‘gridirons' the country
'by trave}.ling along the ridgas or open’ vallays or ‘wherever an uncbetructed
view may bé had of mogt of the timbered area. ‘At selected points slong the
route, the opposite glopes or areas visible and not more than 2 miles away
are. viewad, either with the naked gye or wii;h ‘the ‘binoculsars; and the red,.
sorrel or faaed trees cou.nted. 'I'haee ere spotted on the map within the ares
, whi.ch haa ‘been viewad. ‘

In using ‘the. sample atrip method (Keen, 62) " the obsawer travele through the
forest along eoms routes of knmm position and ‘length; such as a forest road
or trail, btut preferably along a section line or compags line, so as to-ob-
tein en. impartial oross section of the area uninfluenced by the specisl
‘typee of trees which might be "uountered along ridges or canyon bottoms.
Distances ere detarmined. by pacing, or using the kmown distances between
fixed pointa. such as eection corners or topographi¢ features located on
" aceurate maps. mthout attempting %o blegze or mark the trees, the numbers

of fading, sorrel, or red-top trees are. counted within a specified distanoe -
on either eide of the line of travel." :

L,
N Spotting, , , e

The intensive or spotting survey is inaugurated goon after the machinary

 hag been set up for a regular ‘direct control project. This survey is accom—
plished by one or more crews of men trained in the detection, location, and
recording of infested trees over all terrain included ia the project. A 3~
men crew is most desireble where the country is strip—cruised According ta
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Keen (62); "one men scts &e compassman. carries the line snd does the mep=

ring,; while the other two men do the spotting and work within. the etrip on.
either side of the compase line."

The spotter is responsible primerily for the detection of infested trees.

. Johnson (59) states "thesce (trees) are noted by certain exteérnal indications
of infestation: namely, fading or feded foliage, fresh or recent piteh~ .
tubes on the bole of the tree, sawdust (frass) in bark crevices and on ground
et the base of the free, woodpecker work, either scaling or individual holes,
in. the bark: 0f the bole, and exudationsof pitch which form- ‘Yong stringy &c-
cumulations on.-the bark of- th ole of Jeffrey. sugar and: 1odgepole pines.,". '

'.['he spotting of infested mature sugar pines ia often complicated by ‘the

* - character of attacks -made on.them by the beetle:  This Wwas indicated by

Struble (99) who stated: "It frequently tekes 3 or 4 separate attacks = -

to complete the-death of many of the largest trees:- Pole-gize trees and
those. with: diameters lese thar 40 inches d.b.h: are often killed by & single .
invesion:over the entire length of trunk:" According to Patterson {(&4){
'“Frequently the killing: of one of these great trees is & process that lasts
for an entire season or:longer. ' The attack mway occur in the upper 25 or

. 30 feet of the bols, and an entire goneration of beetles will develcp. in

this part . of the-treeé before & seoond or third attack: hag: been made, when

the 1nfestation reaches tha base - SR =y :

‘I'he question uaually raised. in’ the apotting a.nd marking of t.op infested
trees is whether or not they:will survive or will be killed by succeesive\
beetle attacks. No set rule has been adopted and usually the decieion is -

“left.up: tothe dlscretion of the epotter: The. "rule of thumb". that hse been

used on certain projects with some ‘degree of success is to- mark for:{reat-
ment all trees with top fedes which include one-third or‘more of the total
orown. If trees with fades less thsy one=third of thé total orown fail to
recover, they ney ba left for later treatment,

Mechanical Oontrol P

Some of the methods to be adopted the control of: bark beetles wera recom-
mended by Hopkins (11) in 1910. 'hay were: "(1)‘,Ut1.lize the -infested
timber and burn-the elabs during the period in which the broeds of the de-
structive bestles are in the immature steges or before the developed broods
emerge from the bark; or- (2) fell the infested trees and remove. the bark
from the main :trunk ‘apd -burn - the ba.rk.if neCcessary; or (3) remove the i.nfested
bark from the stending timber and burn the bark when necessary; or (4) im-
merse the unberked loge in ponds,: ‘lakes, Or . streams where the bark will re-
- main ‘sosked long enough to kill the insects; or (5); remove the unbarked
logs or products to a loocality where there a,re no . treas liable 1o abtack
within a radiua of 20 miles or more.". " * ot :

1, The fe]:_]_._-_-peel—burn method. With the exaaption of the fell-peel—-
burn method, most of the others mentioned by Hopking have been little uead
in large scale control of sugar pine infestations primarily because of cost,
and insocessibility of infested trees in relation to sewmille. Most of the
projects involving ixnfested sugar pine have besn’ 1ocated in the rough, end
 often inaccesaible terram of the central and - southern Siarraa. ‘The . la.rge
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gize of trees and the scattered character of infe.tations also heve been
stumbling blocks to control by 10gging or mai;hoda other than 'by ‘burning..

The fell-peel~burn method.is discussed by Keen (62). He states: “"Wnenever
.possible the trees should be felled in .an open place, where their treatment
will .cause the lesst possible demage to reproduction snd green timber. - - .
.On sloping ground the trees should be felled ‘Gownhill or -uphill and never
‘on the contour; as otherwise fire will be hard %o combtrol. . 'Bedding® heavy
logs,. 1.e., keeping themn off the ground i sometimes desira’ble where burning
¢onditions; are unfevorsble. - = A1l infested ‘bark on the top half of the
log to well down on the eides should be removed and stacked along the log.
The peeling should continue far enough into the tops so that the burning of
the tope, brush and limbe will destroy the beetles in the remeinder of the
trunk. = = Infested bark on the stumpe should be peeled and piled along the
log to burn. = =~ The fire ghould be: 1e.rge enough: to burn completely sll

the infested bark snd yet not so large as to make it difficult to control
or to cause damage to adjaocent standing timber. - ~ A fire line ghould ¥e
constructed just as soon as there is-any tendency for e fire to remsin
active.overnight. 1t should be constructed as close to the tree as is com-
patible with safety in burning. The: line itsélf ehould be a cleared path
at least 2 feet wide, raked or ghoveled down to mineral-soil, and. should’
completely encircle the tree but exclude the- -gtump. ~This precauntion is ed-
viseble gince meny predacious insects pupate ln the soil at the base of xtreas
canteining edvanced broode of beetles; and by. preventing the ‘buming of
debris: a.round tha atumps these insects are saved. L ¥

At t:l.mes unusually dry' weather during the ea.rly spring renders 'burning along
the logs dengerous because of the fire hazerd. ' Under these circumstences
modifications in technique have been employed. . Desp pits are excavated

and the infested bark burned in: the p:.ts with comparative aafety

Except for sugar pines containing partial infasta.tions along the boles the
method es described by Keen is fully spplicable to all other infestéd trees.
The trees in which only & fraction of the bole is infested have ceused .some
difﬁeulty. ‘and “of ten - the practice has been to peel both the infested and
green portions of the log. At other times green portione were left to be
filled in: by 1atez' attacks. and followed. by a aeoond treatment. :

No established policy haa been reoognized or reoorded. however. a8 to .what
should be done-gbout the unattecked portions of the bole during initial con~
trol work: This-is'importent and should be decided on as a matter of policy.
e mathod ‘which geems most feasible is to peel any green portlons of the

" bole during the initiel work, end not walt for g follow up control after

" the green portion has been abtacked. The principal resson as shown by ex-
perience is that too often these trees are negver agein vigited, and often

Af visited after the green areas are filled in by droods the fire hazard

hee prevented burning. Gréen portions of & ‘log need only be peeled, and

1aft unburned aince no attaoks are possihle after the bark has been removed.

2. Sun-curing. This method, according to Patterson (18). Hprimarily
congiste of ubilizing the sun's raye to attain such temperatures as are
fatal to the broods of the; vEetle in or wnder the baric of infested logs. - -
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It has been found that bark temperatures sbove 110% . are necessary to

cause death." The method is adepted to the control of ‘bark beetle broods

in thin bark tree species, such as lodgepole pine. Patterson states that
"experiments have shown that the method is not appliceble to tress thet have
thick berk, such as yellow pine end sugar pine, ‘since the thickness of thse
bark of these trees acts ms an ingulator preventing the surfece heat from
reaching the beetle broods, which are either ingide or under the bark,"

~vew o 3o Poeling-guncuring, - The- technique in: epplying thie method is de-
soribed by Keen (62): "Trees are felled across logs or other objects in
order to hold them off the ground. :They are then pesled throvghout the in-
fested length end the slabs or: bark placed it an opening where they will re-
coive the full reys of the sun during the middle of thé day. - Bark must be
very carefully spread; and must not be in the shadow of other slebs or treess.
On north slopes or in cenyons it must be carried out to an opening or prop-
ped agalnst rocks or trees, in order that the sun's rays mey strike it &t -
not less than a U5° sngle. It cen readily been' seen that the method is
tedions and reguires great attention to detail, or it will fail to produce
TeSULEE T b an e o GEh WAAS Rass 0 pros

Under the shaded condltions of & virgin forest the difficulties to be encoun
tered in getting . &ll sugar pine: bark epread out in full sunlight are neprly
insurmountable, and generally suncuring cannot be depended on as 'highly suc-

ceseful. It hag been found to work best, however, ‘in falrly open stands
where the full force of the sun can penetrate exposed bark. In one project -
- Undertaken at Signal Peek in cutover reserve timber on the Sierrs ‘Nationsl
- Forest during August 1937 Struble (110) obtained suocessful results from 16
. large tre¢s treated by Pfelling, peeling end spresding the bark out go that
the full force of the sun could etrdke it." -« . 1, . ..

- y, Peeling only. Pesling infested sugaer pine logs to expose mountain-
Pine beetle broods which lay between the bark and wood bes been used with
limited suocess during the dry season. This method was spplied by CCC .~
insect confrol crews working in Yosemite Nationsl Park from 1934 to 1939,
but the results dié not Justify general recommendation of, this method.
Some of the remsons ere evident from statemente by Struble (115) who was
closely essociated with these projects. '+ Doub% was expressed "me to whether
summer control (peeling) is very effective,. because of the variation in:
brood stages;, some of which escape." In a projsct started "during the
latter part of May end early part of June 1939 en attempt wase mede. by - the
CCC ingect control crew to control the 1938-1939 overwintering generstione
of the mountain pine beetle by felling and peeling. ‘However, owing to the
.-late start, & portion of the brood hed elresdy emerged and & portion was in .
Ythe process of escsping.  The control work et this time served in a good
meny inetances to liberate adulte and was: thereby actuslly aseicting them.®
One of the conclusions drawn from the results of summer control:by: peeling .
was thet "the apparently small henefit derived from the’ treatment of summer
_ broods does not seem justified. 14 ie therefore recommended that summer
_control be suspended until esuch timé as more efficient methiode sre developed,
except for accessible trees that cen be freated at the right time. Any at- "
tempt %o cerry on generel control to reiuce suamer ;mpulazt?.ons ie impractical.

L
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From the resulte obteined, mainly because of the large numbers of adults
thet are liberated by peeling, end the continued development of more sdven-
ced brood stages, a considerable portion of which remein protected within
the berk, this method of control is not recommended.

Chemi cal Obn.t;eol .

The search for improvements in methods of controlling bark beetle infesta~
tione led to developments in the chemicel field.. ~Some of the firet experi- -,
ments undertaken were basasd on the assumption that chemlicals injected into

the sap stream of newly infested trees might kill the insects end &t the

same time save the tree. Some tests of the effect of repellents were tried
out, bub the most promieing development in thie field wae the application

_ of penetrating oils to infested bark. - Each method is discussed in order of

importance. .

1, Penetrating oile. The development of toxic penetrating oils fol-—
lowed shortly after a pericd of testing with fuel oile by N. N. Gay of the
Standerd Oil Company in ooqperaticn with the Buresu of Entomology snd Plant
Querentine in 1932. The objective of the burning tests was to cheapen the.

.cost of conirol by eliminating peeling.. However, as:'a result of close ac~
.counting of time kept on 19 ponderosa pines treatsd by spraying infegted

logs with fuel oils, Gay (46) concluded: = "During periods of high fire hazard
when the eize of fire must be kept at e minimum;, we believe that peeling

the bark is chemper: due ‘to the fact thet all the limbs cannot be utilized
Yo generate heat and an exorbitant emount of oil will be required to effec-
tively burn the bark."! Conssquently,. further use of fuel oils was abandoned
in favor of experiments to determine the effectivensess of penetrating toxic
0ils; applicable primarily during the cummer season when it is oo hazardous
to bura. o

Gay's (46) initial teste involved the use of 9 different oil formulae in
separate experiments in which portions of en infested ponderosa pine tree
were sprayed. From an exsmination of this tree 2% months after spraying,
Gey concluded: "that the oils that are effective are somewhat slow in
ection,” and "that sn oil such as Barrel House No. 21042R sppesrs to offer
some promise as a mems of killing pine beetles without peeling the bark or
going through a burning process." : ; P - -

Further tests  of the most prbmising Standaxd oil formulae wers continued
by the Bureau -of Entomology and Plant Quarantine from 1932 to 1935 to deter-
mine their possibilities in the control of western pine beetle in ponderose

.pine, mowitain pine beetle in sugar pine and lodgepole pine, flatheads

(Melanophils californice) and Ipe confusus.: Mogt of the teests were made
with formule 21046R (oilan&\naphthalene,’, and formule No. 22U58R ,(roil and
crescylic scid). As e consequenpe of congiderable preliminary work with
Stenderd Oil formulae, Salman (94) concluded: "It cannot De stated that
eny of the oile except 2LOMGR showed promising reeults in these tests; for
in pll cesee except when oil wes uwsed, the final emergence from the bark wes
a8 high or higher then s normsl emergence."

Aotual field tests of formulae #210U6R end 22U5ER were undertaken by the
Buresn of lntomology snd Plent Quaerantine in cooperation with the U. S.
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~ Porest Servi«,e during the fall of 1933 to control bark beetlem The oi.ls
- ware applied by mesns 'of h—gallon Smith~Benner pressure sprayers aquippea.
“with extensione &nd nogzles which fanned the oil into a fine spray. Regu-
" lar orews o men were employed to fell. limb, pile the brush, end 011 the -
’ infested logs. o , . o

‘ '.I‘hree " 11" experimerital projects were undertaken: (1) Bass Lalce. Sierrs’
' ~-National For 5y m-wh:mh 39 ponderosa pine trees infésted with D.. brevi-
~comis and , e £ bl o oﬂed{ (2) Dinl»:ey unit, Sierra,

SR pig _________a ﬂatheadsl D i - and
' ”'_3Pra.v1ns then with these oils. """""“""“ TR

o '.the reaults of these oil ‘control pro,jaote ag reported by Stru'ble (98./ 100, .
102) Pe.tterson (80) and Buell (36) ell indicated lnconeistencies in smount
‘ _“‘from 0'to 96 percent. = Suok atione were in evi-
' sated wit sene emount of oil
It was alao general-»

| effective then feRlsER.

Some of the reasons evident for inconsistencies in rasulis and fai.lure to
For examplﬁe. in

hperiments were continued during 193’4 anﬂ. 1935 by the Burea.u in en attempt
to overcome some of tha: difficulties whioh becems apparent &8 & result of
fi.eld coﬁtrol”teats., New oil formulae were developed and applied° the ef-
ot ve: "ing tempera.ture and of gonstant temperature in relation to oil
_effectivencss were studied: studies wers made of penstration in relati.on to

bark texture; attempts were made to increase penetration by sooring the bark
~ in different ways; and gtudies were undertaeken to determine if bark beetle
broods developed resistanoe to toxio o.’t.ls., s _

12 sumning up the development of oil formula,e. Salma.n (20) etated "The
best results were. obtained with the following substencee or mixtures: (1)
Diesel il of 2”“ 'A.ﬁ cavi by with crude flake naphthelene at the rate
: Y r gallon. It ehould be mixed while warm end ehould
peretures. (2) Diesel oil (same grade ss above)
Vote 1 peart; 1ubrioat.’mg oil, S.A.Eo 30 visoosity. 1

2 pafts‘. stainless or
: }_part.', (3) Diesel ofl
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‘Definite limitations in the use of toxic oils to control bark beetle broods
beneath the thick bark of ponderoaa pine and eugar pine were indicated from .-
this work., 1In teste with sugar pines infested with D. monticolae Struble
snd Heneill (106) concluded: “"Mature infested etigar pines cannot be trested .
effectively by oils wnlees the bark is removed and the inner eurface sprayed

_ or unless the outer bark surfece is cut down to a thickness of -g inch."
Working mainly with D. brevicomis Heneill {51#) found that "it wes impoesible

to obtain satisfactbry control on the bottoms of,‘ logs unless the loge were

\ 1 tment from th top half,®

- In studies of ,rg.effect of (101) found. that: . "{a) An

‘ exposure of 1 week at tampe Sures betwee{ 70 and. 90° P, produced the high-
est mortality of broode, (b) An:exposure of 1 week to temperatures of 60
end 65° F. resulted in en epprecisble reduction in mortelity. Normel dos-
ages produced from 55 to 58 percent kill, (e) No appreciable killing was
found for either dosege at 50, 40 snd 32° F. when expoeed for a period of 1
week. " Miller (67)- .studying the prolonged effect of a constant. temperatura '

mum effectiveneae in a period of from 2 to 3 weeks Prolongad exposures of
mors then 3 weeks at this temperature did not meterielly incresse the brood
mortallty resulting irom effect of the oil. n Bensillis (55) etudies of oil
) isulted in th rvation that: "The verlous brood stages, of
D. brovicomis i particularlas 11 as D, monticolme, were found to have
varying resistance. - - The order of résistance for-both apacies was largs
larvee the most resistant, then medium larvae, small larvee, adults and,

pupae. ¥ ke b f e o o S s T 3

The resulta obtained. gven with the moat promising 011 formulae developed.

make it 4 fi.cult to obta.in coneistent results the meth d,cannot be genersl-
1y recommenied. ¥ollowing are the factors whicn mugh b ‘ooneiderad the
various bark charscteristics, thickness, herdnese end’ density; gravity, or
~the feilure of olil to penetrate bark on the bottoms of lozs due to run-ofi;
temperature' brood stages and resistance; technique and, applications "
Selman (20) etated: "In addition, the difficulties concerned with the trens-
portatton of suppliee in the forested areas of Galifornie. end the high cost
of the treatment as compa.red with the peeling-‘burning treatment 1imi.t ite
use and adaptability. '

2.  Tree Medica.tion. Tree medlcation or tres injection as & control
‘method has been 1imited in scope., The firat’ attempts were undertaken by
Patterson (78) who injecteéd a few infested sugar pines near Jenny. Creel,
Oregon, with aodium srsenite in September 1927 %o prevent attacks of the
mouwntein pine beatle benea.th the bark. This experiment was done in counec-
tion with similar bub more deﬁailed experiments to control broods of D,
monticolee in lodgepole pine and D. brevicomie in ponderosa pine (Patterson.
- 75). lLater injection .experiments o kill D, monticolae broods in lodgepole
pine, pondercsa pine, and white pine were Teported by Gibson (M7) end Bedard
{33). Sodium argenite and copper gulfate appeara& to be most successful,

\
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but in general all chemicels injected failed to reach the broods; they
a:ppaared to cause quick death and drymg of tree tissue wh:.ch in some
cases was attributaa as a. partial cguse of daath to ‘some of the ‘brood.s.

be digtributed to cambinm and phloem tigeue s without doing harm ”“:to theae 4

biseues, and a _same time kill or repel ingects., The

They did not become ‘well distributeﬁ. in the
, ried to the follage by the ascending stresm." Con-
oerning halogans. e a8 1nJeoted with & weak solution
of a mixture of the following salts: I{aF KBr, NaCl, (Na1 ?). The tree was
injured; more then 50 percent of the fol age became discolored. The insect
attack was not arrested. " Oné tree in, 'eote& with 15 gallons of water was

As a fina.l test of the effectiveness of pure pyridine in arresbing the pro-
gress of 1. monticols ‘,attaoke in the ‘Upper ocrown; Gordon injected e mature
sugar pine (70 incheés 4. b.h.) looated near the OGrigsley Giant in Meriposa
Grove, Yosemite National Perk, eerly in Setpember 1942. At the time of
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injeation 25 percent of the top part of the crown hed faded sorrela. This

tree was felled early in December the same year by control orews efter the

. remainder of the crown had begun to fade. An exemination of the bole showed

thet new attacks and egzs were di stributed throughout the mid-bole from 20

feet abov the base to with;n 50 feet of the top. Young active larvae were
The chemica.l he.d in no wey stopped the beetles from . -

1 6 in protecting sugar pines, &
'Eeriment. undertaken during 1934. involved
. | | %

‘ eclc tree was not in-
e found. t0 attack
ment, Struble (103)
stated that "nearly: injury wae eyident
in eny of the trees and no odor of nieotine\ cquld be detected. Needle iujury

of its propertie'é of di:ffusion and penetration

The teste undertak:/en by Yuill involved:. (1) fumi.ga.tion of 1oga within gas

" 5 infested
neoprene

rof quﬁntities by means
In the ge.s~ tight

blankets the ddaaga varied from 4 to 51 pounds per 1000 cublo fest. The
~ period veried from 2l to U8 hours. ,

' ,'Mortality results ware 100 percent effective for D. brevicomis in loose
ponderosa pine bark, and D. monticolae in auga.r pine and lodgepole pine logs
when confined in gas-tight chambers for 24 to 48 hours. The results beneath
the rubber blanket were verisble from 0 to 100 _percent, but were generally-
poor because of the loss of . gas through the blanket. The mortality in loge
sealed beneath the neoprene blanket wag 100 percent in a1l cases within 2y
hours with § end: 10~pound dosages per 1000 cubic feet.
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As & result of thie work, Yuill (123) concluded: "The results of thess pre-
liminary tests indicate that the uee of methyl bromide has very definite
. possibilities for the control of bark beetles where intensive year round

. treatment is necessary end where the use of fire is undesire.ble. As yet we
have no date on the expense of treatment where peeling is necasaary. The
cost of the fumigant itself is not exoeseive. running not over $0.35 per
thousa.nd feat BM of treated. bole, and further tests mey. ehow much -emaller
dosages %o be satisfactory The principal short-comings of this method
‘which have appeared go. far are (1) fumiga.tion of uninfested sections such
. ag green butt probebly will not preciude later attsck and’ develo ént of
. brood, and (2 ficulty in meking e gas tight fit of the blanke
around. the bols s infested tree on. excessively rock;v' or bruehy ground
1imits the ecope of uaafulnese, : g e A .

.Biological Control .

Native 1nseot enemies have 1ong bean recognized a8 a.u elemant in the ccntrol
of D. monticoles in suger pine and D. brevicomis in ponderosa pine. The

_early. observations of Miller (65). end. Person. (g +.89) and later observations
and. studies by Struble (99. 116). neLeon 3, B, 37. 39. ho), derd. (30)

the 1natructions vernmg the hur

nection with 2ll large scal Je 1ere. vne 1
used. Exoept for the sparing of pred,,,ﬁ ) :
in the.control of overwiatering ZD. monticolee 1 pine ‘since the
cler:.cls do. not migrate to the basee of thoee trees until D ,?monticolae amer-

founa.. %sre a.re no. parasites o . impo
" tops where the. barlc 1a +thin enough. to pe,. )
: traetive mainly to the preda.tor adulta w

Ezperimental work' to determine the importance of predators. particularly

of Temnochile virescens Mann. snd Thanasimus lecontei (Wole.) as controlling
agents of the weetern pine beetle, was vndertaken: by Person in 1922 and con-
‘tinmed until 1930, : As a vesult of these studies (87, 88, 90, 91, 92) an
evaluation was obtained as to the rela.t.'we importance of each ona. 'L‘. le~
contei and T. virescens were both conuidered very. mportant among many Teszer
species, but of ‘the e I, lecontel was ,judged most velusble on the bagie of
-~ coneiatent populations, grepter epecificity to. D. brevigomis as the pri.ncipal
" host, end more uniform synchronization in 1ife oycle with D. gggy_i_._c_:_g_m_i;g_.

In sctusl ezperiments to test the effectiveness of T. ]M?_L ag 2 controll-
ing agent, Person (86) demonstrated. Ythat clerids, under the conditions o
studied. ere by far the most mportant ineect enemy of the weetem pine beetle
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Deta:.led studiee end experiments were undertsken from 1937 $0 19!+1 by ,
Struble to determine the importence of predaiors in the control of D. monti-
colae in suger pine, and slso the possibility of increasing natural”insect
enemies. Theee investigations (21, 22, 23, 112, 113, 11k, 117) were con-
cerned mainly with the two insects moest commonly associated with infestations
of the mountain pine beetla, ‘the green trogositid Tempochile virescens Maun.
end the red bellied clerid Enoolerus sphegeus Lec. On the besis of guanti-
- Yative sbundence; both predabore were judged epproximately equal in impor-
''tance; but esch one in the larval wbage was found to exert itg influence
: separately on different seasonel broods of D. monticolae. For example, among
1% sugar pines containing overwintsring infestatione and 15 trees infested
by summer broods, Struble (112) noted “almost complete absence of T, vires-
cene larvee among overwintering broods" while among summer broods "E. he eue
Tarvae were rarely found." Continued investigations (113) "establighed the
fact that E. gphegeus ie definitely associated with the overwintering larvsl
brood and '.1'. vireecens with the ‘gummer broods." 1 :

'.I‘he controlling e.ction of aaulte e.nd. larvae of ‘both epeciee wers studied
In separate controlled feeding tests the average deily consumptlon of D.
monticola.e adults ‘by T. vireecene e.dulta during -] 10-da.v period. varied from

same period wes .83 D. monticole.e pdults’ (Strubla. 112). Estimatee of the
‘controlling acti.on of the larvae of each predetor under :t‘:leld conditions in-
dicated that 1‘. ‘viresceng wes more officient than E. eghegeue.' Accor&ing to
Struble (113) “the presence of T. virescens in nunbers over 1.5 per square
foot hae an eppreciable effect, while little effect was evident whers a
meny as 5 E 8 ohe ’eue larvae per equare foot were fou.nd.

“In cage-controlled experimente with infeetad logs, the eombined effecfiveness
of both adults and larvae of each predator were compared with checks from
which the predators were excluded. The resulte of several duplicated tesis
~showed positively, according to Struble (113) that T. virescens "destroyed
between 80 and 91 percent of ‘the D. monticolae brood by comparison with
checkn.” (It mugt be noted, howevsr. that at least pert of the control
exerted in these teste was probahly due to the T. virescens sdults. in re-
ducing the attacking D. monticolae adults before the latter had & chance to
escepe within the bark ) The control effectivensss of B. sphegeus in similer
teete veried "from O %o 20 percent in all tests,“ but f,hie apparent fallure

established under caged conditione." '

The comparative efficienoy of esch prea.ator wae studled. '.l!he besas used .
in Judging efficiency were: longevity of adults, feoundity, fertility, hoet
‘adulte and larvae destroyed, and length of life oycle. The highlighte of
this investigation (Struble, 113) were: (1) IT. virescens sdults live three
timec as long ss E, sphegeus adulte, (2) B. virescene lay eix times as meny
egga, (3) T, virescens eges are higher in  fertility then E. sphegeus eges,

(4} the number of host larvae and adults destroyed is from 2 %o 3 times
grecter per individual for T. virescens, (5) the development period of larvae
.18 3 times greaster for T. virescens then for E. sphegeus, On the basle of
thig investigation, Struble (113) concludes: - "In all factors except length



host. As a speoiﬁc control agenc&. g‘_. virescens wag Judged.
then E. sphegeus, although the latter epe ould;

| .;séi'icaté Meig
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On natursl ecolytid host food, it was found possible to. rear T. vi.rsscena
end E. sphegeus éﬁom newly hatchﬁd. lervee %o zdults, Struble (235 'etatee

‘using freshly cut ponﬂ, , pine log 3 cation of ‘the sticky
product. It was applied in dtlu.tetl form 'by s fly aprayer. D. monticolae

<2
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adults were ‘ednitted to attaok: the logs -thue treated and left for & period
s 18 end 31, folloning whioh the loga ,_w?re

' | ‘projects in’ whioh' sugar ! ne ~1nfas+.a- -
one were involved was the Oontour Projeot i.netituted 151'
:I.o ?orest' '

could be ap ted : ' .
quently, the trees killed later in the summer were numbered: and - the data
‘collected which proved that 86.5 percent of the existing infestations at
that time had been exterminated.l



'ama.ll &8 'nok: to ‘be worth: working." '
: 1ved, Miller (64) stated:” "It
“-ie fairly evident ‘to ‘any carefully study the:situationi both

N this traot_ end in the surrounding foreste, that all the evidence which

mein in ths' condi tion 1ndicatsd 1n the sprlng of 1917
increase,."

cent of ‘the 1915 infeetation. ‘The volume ‘of yelldw pine ‘and
 biuber ‘s ad. the first year amounted ‘to-approximately 260.000 :
nt of 'eas the ﬂrst yes.r amoun ’ed to _,86 perr.uami;g

s-infestations
d ‘and Whiskey -
fDefinite

t e very appreoiable reduetion of loeses
. wes. secured which persiated for several yeare a.fter oontrol work was d.is-
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the infastation in the control areés was progressing in stqp with that in

the 3 check areas, as all % registered a decline from natural osuses rang-

"1ng from 20 percant to 57 percent. waevar. in 192& all. cheolc areas regis-

‘tered an xncrease rangin‘ from 84 percent to 199 percent while on the contro]

area a decline cf ‘84 percent ocourred. This resilt was obviously due to the
' e;within thefarea aocomplishedbby the control work, as

Oontrol .of Epidemios - 1931 to 1935

The period between 93: and 1935 was one of the worst on record for aggres-
give killing of sugar pines by D. monticolae and pondercsa pines by the
western pine beetle in the centrsl Sierra ares. Many control projects were
_instituted and the results have provided & stronger basis for Judging the
effectiveness of direct suppression methods. A gummary of some of these

- ‘projeots in which sugar pine was reoorded eeparataly from pondarosa pine is
tabulated below. .

o o L " Yesrs of  Area . fTrested . Suger piz
Pro;ect ' "‘deatién' 'Tfeéﬁméntp*édfeé ””Rbbﬁrted;gg ' Trees \Voluma by

".Yosemite o Yosemits NP “1933—34 8,605 Ernet (u5) u27i 3}127.0M(

‘Tuolumne Stanisleus = 193 = 12,860 Patterson (81) L4, 18C

- Buck Meadows Stanislaus ~ 1934 5,810 Malven (63) h& ©12k,02

Tuolumne NIRA Stanislemus 1934 27,000 Patterson (82) 297 9&5.31(

Jawbone . Stenislaus 1934 13,200 Parsons (71) - W0 149, B6(

4,The resulte of’ these projeota exprassad in pe””entage reduct_ n 1n infesta~

_tion.1 or 2 years after each project, as compare infeetat:

‘Ltime the projeot-was started, include 1 pine speg;es. ‘;onsequently there
i8 no way to detérmine how effective th‘-w waa 8g Eplied inst o given

insect species. Ernst (45) reported that there was a 42 percent reduction

. ‘in number of trees snd a 6l percent reduction in volume. Patterson (83) re-
ported & 66 percent reduotion in the south Tuolumne project: & 72 percent
‘reduotion in the Buck Meadows area and an 85 percent reduction in the Jew-
~bone area. . e o TL TN e PN

e fdparent success of theee projects ie ig.contrast to the results obtaine
‘on the Pinecrest project, eleo reported by Patterson (83). He comments:

YThe 3 consacutive confrol. projects that have bsen ocarried out on the Pine~
crest recreational areas during the past 3 yesrs (1933~34-35) have not, how-
- ever, been 80 successful in ridding this arse of persistent infeststion in.
both ‘ponderoéa end sugar pine.. 1t is very probable that the failure of them
projacts ig partly due .to ‘the sbnormal conditions endountered on areas of
high recreationa use; but in largar Tedsure it ie the result of the comirol

" work being confined exclusively 40 the main recreational aren and 1eaving .

of untreated infestations on bordering areas."
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On the Sierra National Yoreet no segregetion wes mede between trees or in-
sect species involved. Conwequently, the eetimates of direct control re-
sults are based on the reduction in number of infested trees regardless of
species or insects involved. In reporting on the progress of the Sugar
Pine Sale and Fence Meadow projects in 1933, Gustafson (52) stated: "This
project was treated during the fall of 1931 and spring 1932. It was egein
‘treated during the fall of 1932 and epring of 1933. The work this spring
included the arsas of 1931 and 1932 and some addit:onal acresge. Using the
geme aress as akcheok. we find atreduction'in 1932 end 1933 infestations of
47 percent.* In 1934 1 1 (70) made . arison between infestztions
treated in 1933 and by subsequent m [ e control in 1934 on the Fence
Meadow pro;aot. His figures are presented as followe:

_ - Trégtea N
Year Treag :.Vblume b.m.
193 BRI T 333 000 e

mhe decreasse in l93h over 1933 ge shown by thege figures is 85 percent 1n
number of trees end 51 percent in volume. ,

The most recent project of any gize involving sugar pine infestations wee

in the Shaver Leke-Big Creek ares on the ‘Sierra Nationsl Forest in 1941 and
19&2 The areas coversd 9,200 acres in virgin type pondeross pine ghd sugar
pine. The infested trees on the areas were treated in the spring 1941, and
subsequently by maintenance work in the spring 19&2. The results as reported
by Spinney (96) 1ndicatad 90 percent control: )

Discussion,

These verious projects have nearly all indioated & marked reduction in inr
festation in from 1 to 2 years following dirsct control work. Consequently
it sppears that dirsct control by the fell~-peel-burn method is successful,
and we are bound to continue this’ practice unlesa it can be proven that
sutcess is more apparent than real. :

One of the weeknesses in Judging the effectivenesa of theee projecte ie the
lack of adequate cheok arsas in which to compare results with controlled
areas. In all control projects undertaken, the objective bas been to elini-
nate as many of the infested trees as possible over the emtire infested unit,
end thus eliminate the hazarde to the living stand. The rieks that might be
involved beceuse of unireated check sress X 1/ ecould not de congidered, and
congequently it has never been possible to obtain the information needed to
obtain a true avaluation of direct control resuli;a°

‘ .1/ The checka\ass nsed in comparing results on the Whiskey Cresk tract)
Previously discuesed, were at some distance removed from the controlled
~ares and at lower elevations snd on different sites. Because of this, it

~ia doubtful thet they could be congidered as adequate check aress.
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The gquestion as to what would happen to an infegtation if no control work
were undertaken has been congidered. . There is £00 . little evidence &8 yeb
Y Juatiﬁy leaving D, monticolae infestations to run their goursge and be
controlled by natural agencies. We do have some evidence that where no
control wae undertaken the infestations died out rather suddenly. One note-
- worthy exsmple was, reported by Selmen (95) on the: Lassen National Forest in
'”19 9 in which groqps of tgrg_

causingklge 05 estimated at over 300
was institute

X4} &t ng\i [ m thelr c se without .
direct suppression, we must still continue to recommend and undertske direct
‘control measures where great sconomic and recreational values are at stake

Possibility of Improving on Diraot Control Methods. Cy
The development of sporadic infestations originating in windthrown trees

and heavy slash was discussed in an-garlier gsction. lhe number of loca-
lized D. monticolae ontbresis in suger pine stends which are traceable
directiy to Eﬁis gource is perhaps far greater than any‘other. although no

] ce was other than the sgsociatio windfells them-
eubgaqr entetion. . It would esem quite evident) there-
hould be undertakan to find out firet.of all the dmpor-
1ls in buildl' p,sudden locelized outbresks in stending :
irol the infestations if it ie found feasible

The control of windfall ,estatio s”would seem to offer nore possibility

of actual success in preventing localized D. monticolae outbresks then the
control of thease infestations themselves after they have become established
in stending timber. It would seem that control work exerted at this epperent-
ly most vulnerable point would pey dividends in the prevention of further
losses. The field for improvement in direct control should therefore be
ﬂpointed toward”eradi : eventing windfall infestations or those in’
heavy slash . "1ong buxka" or cull material left in’ connection with
'logging or right-of—way clearings. ; : \

There are 3 main reasons why tha control of ‘wind throw 1nfestations alone
hae not been underteken previously: (1) Most windfalls are b wn. down
during the wint _months, énd do not become infested until the following
apring or eummer~ _some do not become infested until the following fall. (2)
" As discuased previously. gummer control by peeling or sun~curing was not
regarded as satisfeotory. (3) The coet of pseling windfalle is high, and
because of this there hee never been any attempt to control infeetetions in
thees logs glone or o prevent them from Being attacked. Frequently, how-
ever, windfalle have been peeled in connsction with regular projeots to
‘_control aggressive infestatione in standing timber,‘j N

These reasons appaar to be valid. but becausa there is sd'munh evidence 1n—'
: dicating that windfalls are a mensoe, to living timbera ‘we cannot afford to
sbendon the possibility of controlling infestations within them until more
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 information is obteined. If windfalls cennot be salvaged by hauling the
~loge to mills nearby, then either the D. monticolas infestations should be

S controlled or the logs should be treated 1n a menner to prevant them from

being attaoked.

The suGCess of DDT in- the control ‘of so many diffarent insects suggests

the poseibility that it may’be uged on windfalls.,not only to prevent the
‘establishment of broods but algo 0 kill all the sdults sttempiing to at-
tack these green logs. The ‘of DDT as an emulsion sprqyed on green logs
if effec ve would be far 1 vens )
- pression of a subsaquant &,
‘also possibillties in the ¢
bination ﬁo prevent attacks.

‘ding timber,; ‘There are
e of orthodichlorobenzene and fuel oil in com-

Imhis field of investigative work on direct control ie open and should be

- followed if we are to make progress toward aliminating a most importent

hazard. p

o POSSIBILITIES OF INDIBEOT GONTROL

. The basic purpose of indirect control ig to reduce the ‘ingect hagard through
- tinber management. To do thie it 1s neceasary to determine firet of all

" what constitutes insect hazard, end ‘havi) letermined this. to apply\preven- :
tive methods which will fi¢ in ‘with good orestry practice. Stated in other

‘words, indirect control ‘is the practice of ramoving from ‘the timbered,stand
insofar as possible all ‘timber which on the basis of conclusive scientific

date is known to be susceptible to beetle attacks. Thus, through the eli-

mination of a favorsble food supply the beetls is greatly handicapped in

s ability to build up destruotive populations.,

Western Pine Bestle.

The idess that have been’ developed on" 1ndirect control apply principally
to the western pine beetls in pondeross pine. The first ideas stemmed from

. the direct approach in attempts to lure the beetle awey from standing

timber. This was done by felling green trees throughout & given ares which.
because of their supposed sttractivenses would absorb the sdults in flight.
Then by controllling the broods in these trap loge the menace to living
timber would be eliminated. During the early 20'¢ this idea was tested ex-
‘perimentally on the San dogguin Project, the Southern Oregon~Nbrthern Celi-
‘fornla project, end the Antelope Project, but it wap found to be relatively
1neffective in reduoing the beetle menaca and was also wasteful of sound
timbar. ‘ .

During ths late 20'e ideas of indirect control begen to cryntalize inte a
form thet indicated hope for sudcees. e western pine beétle was found .
to be selective in its habits of attack, par%icularly during endemic¢ periods,
preferring slow-growing, weokened or decadent trees to the more vigorous
ohes. Silvioulturaliste end entomologists undertook the study of tree
characteristics and began olassificatione socording to sge and crown
cheracters. A crown olaaaifioation sye«ten based on sge and crown vigor was
developed by Dunning (6) for use in general merking practice in ponderosa
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pine stands of the Sierra Nevadas.. (Greater refineménte deaignad to faeili-
tete recognition of beetls susceptible trees resulted in the Keen (13, 15)

?1ae§ification systam and risk classes developed by Salman and Bongberg
20s, S ‘ . :

eloyment of aanitationvsalvage logging. %o “control the western pine
2R ] erowth of thevrecognition of

Mountain Pine Baetle.f

The aucoess of ‘the' eastszda 1ndirect control work n ‘Teducing western pine

beetls losses suggested possibilities of its appliwation to control -

mountain pine beetle infestations in sugar pine. The ‘dissimilerity between
the 2 problems. both as to the hdbits of{the insects involved, and tha . ’
< "D to : ;1obstacles in

,problem, was' he

of attack. ‘Studies ¢ icrownﬁohar

truble ( .:119) dimcussed earl: | :
tionehip between the verious faotora atudied and beetle susceptibility that

At seemed inedvieeble to. continue that approach. ‘1t emphasized the need

for a more fundsmental study both from the stanipoint of the insect habita.
end of the host environment.

Thé study of beetle olfactory responses by use of the Gordon (50) olfacto-~
meter, discussed esrlier, in a preliminary report by Struble (120) was an
attempt to determine if there were marked differences in attrpotiveness he~
tween different tree subatancee° but no pignificant differences were found .
under the condltions of tha experiments. The need for refinement in

,teohnique. permitting a more natural enwironment for the beetles in experi-
~ ments of this kind. wes - indicated. However, because of the tima that would

De requirea and. the uncertainty of securing deslrable resulte this approanh
was discontinued.

Studies which were begun in 1943 and have been continued intermittently
since then are concerned with the ecology of eugar pine end 1ite relationship
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to the mountain pins beetle, One phese is the relation of locelized en~
. vironment to the health or gugsceptibility of the individual tree. The
other is the relation of genéral eilvicultural and environmentel factors
' to the health or susceptibility of o given stend. These studies have not
gone far enough ae yet to ehow.how lmportent host emviromment mey be. How-
ever, as Judged from beetle killed trees on certain aress. Obgerved, the
greatest hazarde sppear to bear a closer relationship o maturity of stand
and heavy sto ing than to si.te quality.feg er losses in both volume end
£ ‘ ‘

aive basie for ‘en~

3et. co 80 The main reason
is that there appeara to be 8 laok of sels . tz‘aes on eny basie that
cen be recognized. consistently. In the virgin stais, for example, over-
maturity end incidence of mistletoe may be congidered as high rigk factors,
but the attacks made also on healthy younger trees with vigorous crowns in
. these same wneven-aged stande minimize the importsnee of eny factor that
' might be considered as high riel:, , The answer may be found as & result of
the ecological studies- under way. ‘ L

In the light of preeent knowledge eny attampts to reduce mountain pine
‘beetle attacks in _suger pine b,v cn of selected. "high rigk" trees ap-
peare to 'be of 1ittle ava.i.l. 3 ), there are numerous . exauples of

3 rvio : nrkcing besis with -
the result that beetiss hava come in later to kill large numbers of thrifty
“1ea.ve" trees. One reason for thig appsars to be thet the opening of the

: es the number oi"windfallls that ocour later on, and &as discussed

‘Only in senond-growth stands t_hat have come np since clear«-cutting 20 to U0
‘ago.ig the. mountain pine_beetle apparantly a ne 'l.igible problem. B -
capt whez- ‘there :Ls he ' ) ’

tively free from the 'men'qe of bark beetles.i Suo eacamples as there are
would ceem to ‘offer evidenca favoring clear eutting to remove the beetle
hazard.. HOvvever. ‘such a drastic course camnot be edvocated unless all at-
tempts to remove the beetle hazard by other means fa.il to give the desired -
result.

CONTROL IN RELATION TO SILVIOULWBE AND MANAGEMENT

The maintenance of sugaz' p1na es a type species in the mixed coniferous
forests in which it now oocoure is a problem in forest mensgement. What ie
: deoided. eventually will rest with the relative timber values of all gpecies
a8 balanced sgainst the cost of maintaining sugar pine in the gtend. This
"latter problem is largely eoological a.nd. will remein with the silviculturiets
to decide.
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The prinecipal problem confronting forest antomalogasts at the present time
and for some time in the future is the beetle menace in virgin etands., In
the commercial forests the demands of the lumber 1nduetry are reducing
‘these stands at a repid rate' even €0, it will ‘be meny yeers before they
are out over completely. In park areas the sugar pine type forests will
remain in thelr virgin state indefinitely. As long as these forests remain
undieturbéd from thé.e‘ff'eﬁctg of lo g the hagard against ingects 1§ the
“seme,  The amount of protection that can be in en effort to maintain
lopses at a low level will dspend on the eoonomi.c' or assthetio values to be
preserved, ' .

i beetles that can be

of direct control to sup-
populations. Tais pr tice mue continue as a matter of policy

to prevent undue lossee until such time gs other more effective control

methode are found. 8o far, the fell-peel-burn method is the only one which

is fully relisble, but its use is limited to the wet seasons. The poseibility

ot imp b Ar ) chpique were cated previously, partvi-

, ’cularly wit.h ragard to the treatment _windfelle and elash. Direct control

is coetly, but is fully jJuetifisble on the basis of the protection to the

-living stand.

) ,T‘he ,amount and cheract

Jh marking end outting tha.t  done when -commercisal forests are slaited for

vioul tural teohnique. . The overmature,'.decadent

to béar & close relation to mountain. .
large volumee involved. What trees ere emoved in additlon should depend on
the sizlvieultural planning of the fufure stand. Great cere should be exer~ -

" serve s an attraction to the bsetles in flight, resulting often in the death
of these trees end a threat to others. The dangers resulting from beetles
reerei in heavy slash, discussed previously. should. be removed by direct
_control methods. o , _ Y :

fhe emount of prdteotim egalnet ingscis that oan be afforded second growth
sugar pine stande is. d.ependent on the owner's timber mensgement policy. The
present Forest Servio pro policy. parti.cularly egainst fires, is -
conducive to the growth of de white fir thickets which, according to
silvicul turiets, overtower. auppress. ‘and eventually kill out yomg sugar
pines. Under such conditions suger pine is destined to pase out of the
picture i.n many @reae,,unlesa compoti.tion from white fir 15 removed. Whether

_ foster sugar pinq as & d.ominaé.ut future crop only on the beat eites which
ere conducive to its rapid growth. This will mesn that the protection
that is given against the insect menace to young stande will be limited
Yo specific areas, and not to ,the total acreage which now includes suger

pine as & type spaoies. ) ‘ ‘ o .
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